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ABSTRACT 


A prototype production rule program, DECAIDS, for the 
support of decisions on computer resources was constructed 
Mee the Stanford University EMYCIN production rule system. 
The DECAIDS program demonstrates the use of a production rule 
System to support a relatively unstructured management 
problem. A discussion of knowledge based systems, predicate 
mameulus and production rules iS included. A tutorial 
section discusses the user information needed for development 


of a backward-chaining, goal-seeking knowledge base system. 
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etn RODUG ELON 


Production rule systems provide a means for encoding 
"expert" knowledge about some domain of information and offer 
techniques for using this knowledge to provide answers for 
@a@estions in the domain. A prototype production rule progran, 
DECAIDS (Decision aids), was developed using current 
Artificial Intelligence (AI) methodology in an effort to 
Organize decision aiding characteristics relating to computer 
resource allocation alternatives. The purpose of this 
meoegtam iS to provide recommendations during an interactive 
Gonsultation session. During this session, specific informa- 
tion is requested from the consultation system user concerning 
Mis Organization's task, technology, environment, and struc- 
mae characteristics. This information is then used to 
invoke system production rules which are used to produce 
the recommendations. 

While the primary subjects of this paper are the pro- 
duction rule system and a sample categorization of managerial 
Meetsion aids, it iS noteworthy to mention that several other 
areas of study are involved. These include inferential 
Miarysis, Organizational theory, predicate calculus, and 
Mecision aid characteristics. The last section in this 
thesis is a tutorial containing instructions for the use of 
the EMYCIN inference engine and procedures for designing 


and implementing a database (referred to as a knowledge base). 





While Bane AI systems do attempt to model the human 
thought process, this paper has adopted the EMYCIN inference 
engine developed from Stanford University's MYCIN research 
program. This program, EMYCIN, permits problems to be 
solved using goal-directed, backward-chaining production 
rules. Backward-chaining is a tree traversal method. It 
is accomplished by searching through a tree from a goal, 
mercom leaf, state toward some initial, root node, state. 

The concept of "spaces'' may also be used here to further 
explain that the shape of the state space determines whether 
BOrward or backward-chaining is utilized; fanning in from 
some goal state to an initial state represents backward- 
eaaining {[Winston, 1977}. 

mre important thing in AI is that a software program 
produces "behavior" similar to that which a human can produce, 
understand, and recognize. Generally, the problems posed to 
ml are not those for which a specific algorithm can be 
written. For instance, a manager probably could not explain, 
algorithmically, how he arrived at a particular decision. 
me uses a myriad of facts, procedures, and experiences to 
Senin what to do during certain circumstances and these 
BaectOrs are used to produce a decision. EMYCIN was developed 
With the assumption that a human would use the same data that 
the program used but not in the same manner. The program 
provides a method to weigh conflicting information, calcu- 
feting how much information is sufficient to achieve a 


recommendation, and identifying those cases where insufficient 





information is available to arrive at an acceptable decision. 
This is what a human does when making a decision. The AI 
program must therefore parallel these human processes as 
Grosely as possible in order to produce an acceptable 

meomlt (Scott, 1979]. 

The EMYCIN program is written in INTERLISP. This computer 
language provides an excellent basis for an AI system since 
the information in the knowledge base is grouped into lists, 
at the tree nodes, and these lists are appropriately manipu- 
Meed by INTERLISP functions. This thesis provides the 
background materials and concepts required to design, 
implement, and operate an Artificial Intelligence knowledge 


based system. 





II. BACKGROUND 


The first domain in which computers have successfully 
demonstrated expert performance is mathematical problem 
solving. The speed with which computers can solve arith- 
metic problems is well known. The ability of the user to 
adequately prepare the program for a particular problem is 
the major limiting factor in computer performance. Pro- 
duction rule systems will be discussed as a method of 
preparation, or representation, of data used in Artificial 
[Intelligence programs. 

Artificial Intelligence (AI) is a relatively unexplored 
Meea Of computer science. Simply stated, AI is the study 
of ideas which enable a computer to perform in a manner 
that resembles intelligent behavior. The ability to acquire 
and apply knowledge, to manipulate and communicate ideas, 
and the ability to reason are all parts of this intelligent 
behavior. A concise definition of intelligence is diffi- 
cult to state because of the wide range of information- 
processing and information-representation concepts involved. 
The primary goals of AI are to make computers more useful 
and to comprehend the principles which make intelligence 


Meesidble [Winston, 1977, p. 1]. 


Seer ki LT FICIAL INTELLIGENCE SYSTEMS 
The field of Artificial Intelligence is concerned with 


producing systems which operate in five basic areas. These 





represent basic human activities and therefore the supporting 
systems are referred to as Artificial Intelligence [Nilson, 
iewo, p. 1-13]. The first of these areas is intelligent 
information retrieval. 

Information retrieval, from database systems, is not a 
new problem to computer science. However, when the asso- 
ciated system is designed to produce inferences or deductions 
dependent upon the information in the database, the program 
takes on apparent intelligence. Use of natural language 
(i.e., English) methods to produce deductions and storage 
of large amounts of generally known information are the 
primary design considerations facing the system designer. 

Expert information, in the form of rules, inference 
Statements, is interpreted to produce values for parameters, 
Which are the program's ultimate output. The domain of 
computer resource allocation based upon organizational 
Structure is an example of an intelligent information 
retrieval system contained in this paper. Theorem proving, 
disease diagnosis, mechanical controls (robots), and auto- 
mated programming are some other applications for Al 
{[Nilsson, 1971]. 

One of the problems encountered in AI is the requirement 
for categorizing into a manageable form vast amounts of data. 
A system may be provided with sensory equipment which collects 
input data. However, unless there is sufficient information 
for the system, for example a robot, to test against, the 


interpretation of the input data may be incomplete. 
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The AI program, unlike conventional computer programs 
which are highly formatted, will possess a large knowledge 
mese, OL facts from which the attainment of goals is sought. 
The amount of information required to accomplish a given 
task is an area of major emphasis to AI researchers. For 
example, the difficulty in programming robots to process 
sufficient information and to perform even simple jobs lies 
in the total number of possible combinations of situations 
which may be encountered and therefore required to be stored 
in the knowledge base. Accordingly, the system must have a 
method for selecting from among the knowledge base facts to 
make appropriate inferences. 

This paper will explain a prototype decision support 
program, DECAIDS, and explain the necessary background and 


user information needed to use or expand the program. 


fee RIT PICIAL INTELLIGENCE LANGUAGES 

As the study of AI has expanded, several programming 
problems have led to the search for new and more powerful 
methods for representing knowledge. Paramount among these 
difficulties has been the inability of existing languages 
to deal adequately with list processing and symbol manipu- 
lation. This fact has led to the development of several 
new programming languages, such as COMIT, IPL, LISP, 
INTERLISP, and SAIL to name just a few [Bobrow and Rafael, 
m7 4). 


ie 





This paper deals with INTERLISP as used by the EMYCiN/ 
DECAIDS program. The EMYCIN system was used to provide the 
inference engine (inference manipulation) for the prototype 
managerial decision aiding program DECAIDS. INTERLISP is 
a relatively easy language to learn and use because it is 
@emetructed of a simple syntax. It requires no previous 
knowledge of high-level languages such as FORTRAN or PL/1. 
imere are about forty common functions in INTERLISP. 
Approximately one-half of these are highly mnemonic arith- 
metic operations. The remaining functions perform the other 
operations required tor successful list processing and symbol 
Manipulation [{Winston, 1977]. 

ihe basic structure of INTERLISP is the symbolic-expression 
(S-expression) which is called a list of elements. These 
elements may be numbers or function names. This format 
of s-expressions can be readily adapted to the n-tuple 
concept described in the predicate calculus section of this 
paper. The following example has three elements. (The 
parentheses are required of all references to INTERLISP.) 


[Teitelman, 1974, p. 53]. 
Gress 42.71) 


Mmiecnis example, PLUS is the addition function standing 
before the two arguments, 3.14 and 2.71, which are to be 
acted upon. This example also demonstrates the prefix 

notation which is used in INTERLISP (i.e., the function 


always precedes the arguments). 
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C. KNOWLEDGE BASE 

The knowledge base, for an Artificial Intelligence pro- 
gram, is the data base supplied by an "expert" and operated 
On by a production system. This database is composed of 
an ordered string or strings of replacement rules. Design- 
ing and implementing a knowledge base requires the answers 
to some general problem-solving questions: 

What kinds of data are required? (specific 
facts or ideas); how should the knowledge be 
represented? [Should the system query the 
user or vice versa? (EMYCIN takes the first 
direction toward deriving inferences.) ] 

How much knowledge is required to cover the 
Subject? (Specific, scientific subjects lend 
themselves far more readily to quantification 
than do more subjective domains.) And what 
1s the required information? 

Finally, a knowledge base must be modeled and the tree 
of subject-entities (contexts) arranged so that the questions 
asked about the domain are contextually sensible, that is, 
have some direction. It serves little purpose for the 
program to ask questions that have no direction. The 
knowledge base's context tree must provide this understand- 
ing to the consultation-recommendation session. The questions 
Meeed during the consultation must be asked in a logical 
Order to fill in the knowledge base. This can be partially 


accomplished by arranging the queries in an order that makes 


ies 





the session flow in a smooth manner. When the entire context 
tree has been traversed, inferences are produced via the 
System's production rules. 

The EMYCIN system developed at Stanford University 
provides a framework for building consultation programs in 
any quantifiable field. The domain independent components 
of production rule systems and backward-chaining mechanisms 
manipulate the information in the knowledge base. More 
Specifically, EMYCIN/DECAIDS uses an evolving knowledge 
base composed of declared parameters and rules for 
concluding goals. 

The knowledge base contained in DECAIDS is designed 
memoupport a prototype managerial decision aiding tool. 
While the recommendations rendered by DECAIDS are straight- 
forward, it must be remembered that the primary goal of 
this research was to demonstrate a capability of designing 
and implementing a decision support system based on Al. 
While previous Al research programs have been directed 
Goward more structured applications, the current research 
investigates an area which is relatively unstructured and 
very subjective. Previous applications, for example, 
the subject of blood chemistry, will produce many specific 
Statements and rules relative to the chemical conditions 
affecting a person's health. 

The system designer must know, and model, exactly what 
goal his system is to achieve before he attempts to write 


production rules. This requirement must be kept in mind 
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so that the knowledge base will be property Supported by 

the Menents of the knowledge base. The knowledge base 
contains two types of elements. These elements are rules 
and parameters which are used by the EMYCIN inference engine 
to support the search for a recommendation. 

Each of these elements is described by a list of its 
respective properties. The definition and instructions 
concerning these properties are contained in Section VII. 

The rules are the sentences, (If condition...then action) 
Statements, which imply the value(s) of parameters. The 
parameters are the nouns used in the sentences. One or more 

of these parameters will be identified as the root parameter(s) 
in the root context. The remainder of the parameters are 

used to help define, find a value for, this root parameter(s). 
The rules are the statements which ask for the needed values 
and produce the recommendations. These questions may be asked 
meter explicitly from the system user or implicitly from the 
System itself. 

The specific syntax for the rules and parameters are 
explained and demonstrated in following sections of this 
paper. The current knowledge base consists of forty-one 


miLes and twenty-three parameters. 


15 





Pie ep ECATLE CALCULUS 


The predicate calculus is a system of logic in which it 
is possible to express complex logical statements as well as 
mathematical and natural language statements. The system 
has rules of inference that permit valid logical deductions 
of new statements to be made from a set of given ones. The 
most often used rule of inference is that of modus ponens. 
The inference rules produce well-formed-formulas from given 
ones. Predicate calculus' generality and logical power are 
important vehicles for performing deduction [Nilsson, 1978]. 

AI production systems are based on the formulas of the 
Meedicate calculus. A production is a rule consisting of a 
Situation-recognition element and an action element. Thus 
Smeroduction 1s a Ssituation-action pair in Which the left, 
meeoenition, element is a list of conditions to ascertain or 
Mmemeeand the right, action, element consists of a list of 
mes to do or conclude. <A list may contain only a single 
element. When productions are used in deductive systems, 
Baewsituations that trigger a production, or rule, are 
Seecttied combinations of facts. The actions are restricted 
to being assertions of new facts deduced directly from the 
triggering combinations. The productions may be called 
Meemise-coOnclusion pairs rather than situation-action 
pairs. The action of triggering premises and conclusions 


1s based upon the use of predicates and predicate logic. 
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mae@ametlOn rules are spoken of as "firing" which refers to 
the action taken by predicate functions [Waterman, 1976]. 

A programming language, using the predicate calculus 
logic, and specified by some syntax, is used to make asser- 
tions about some domain of interest -- to provide state 
descriptions about which some conclusions will be made 
Weemocon, 1977, p. 257]. The class of expressions referred 
to as well formed-formulas (WFF) is the basis for the asser- 
tion clauses of a particular language. The WFF's are used 
as the contents of a knowledge base and are permitted values 
of true or false. Techniques for manipulating WFF's permit 
an Al program to reason about a domain and ultimately make 
Or@ereach a conclusion [Nilsson, 1979]. The method of opera- 
tion is that WFF's are applied, modify a knowledge base and 
Mmeemtually meet some termination conditions. 

The well-formed-formula (WFF) is given meaning by 
interpreting it (the WEF) as concluding some statement about 
a domain of discourse. For example, the domain of interest 
in this research is the set of Statements concerning a 
decision support system. Conclusions drawn from this domain 
involve relationships among statements in the set of WFF's. 

The WFF's have values of true or false derived from the 
use of predicates (words or functions which direct some 
action be taken) whose values in turn may be true or false. 
The predicates perform the action of mapping elements of 
the domain (elements in the knowledge base) onto other 


elements of the domain (actually a local consultation or 
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session database). The WFF's are driven by the predicates of 
a language, the elements in the domain, and the relationships 
between the elements. 

Each WFF can be assigned a value of true or false and 
these values are used to obtain a final concluding value. 
The values for a WFF are referred to as certainty factors. 
Certainty factors are based on probabilistic reasoning and 
represent a rule weight assigned by a system designer or by 
an expert from whom knowledge base information has been 
obtained. The WFF (premise) which evaluates successfully 
provides a value between -l and 1. Those rules with true 
premises have their actions evaluated and a conclusion is 
Made With a certainty equal to the premise value times the 


Meatainty factor [Davis, 1977]. 


SeeeeOGICALLY FOLLOWS AS A PROOF 

The concept which allows a recommendation or conclusion 
to be produced is the idea of a WFF being a logical 
consequence of a given set of WFF's. This is formally 
mecca aS the theorem of modus ponens which is: If a state- 
ment, A, is valid and A implies a statement, B, then B is 
valid. The premises of the production rules are the WFF's 
of the domain of discourse. These premises or WFF's may 
further be divided into clauses representing multiple con- 
ditions with each clause being evaluated for its true value 


mizisson, 1978]. 
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The implication of the preceding is that a "goal" in 
the EMYCIN system is the determination of the value of some 
parameter. This parameter's value is derived as a result of 
the inferences of the WFF's. Each rule may have one or more 
clauses in its premise with the clauses of one rule joined 
by an "AND" function. All conditions in a single premise 
must be true in order to fire the right-hand-side of a rule. 
M@emrist Of rules 1S a Set of conditions joined by a 
meted! “OR function. As such, any or all of the rules may 
Succeed and give the subject parameter a value. Which value 
to present to the consultation system user is a combination 
Semeertainty factors, probabilistic reasoning, and expert 


judgmental knowledge [Scott, 1979]. 


Ie, 





ie ea, OR TREES 


The concept of a tree-structured logic diagram is 
utilized in Artificial Intelligence applications to depict 
a graph of nodes representing state descriptions which are 
parameter values. A tree is referred to as a context (or a 
context tree depending upon the size of the domain of dis- 
course) and state descriptions are the parameters of the 
context. Parameters in turn may have sub-goals used to find 
out or trace their values. These sub-goals are additional 
parameters used in Other rules. Values are determined by 
Geaversing the tree and applying rules. 

The tree traversal method used in DECAIDS is called 
"backward chaining" and is described as beginning a search 
at some goal state and proceeding to some initial state. To 
be more specific, the hierarchial structure of tree nodes, or 
State descriptions, where a node may have more than one 
parent, is properly called a graph. This may be the case 
With multiple rules applying to a specific situation. In 
the case of multiple rules, a control strategy must be 
implemented to select and execute rules in a logical manner. 
This control strategy must have some system for selecting 
relevant rules -- some special knowledge of the problem to 
be solved or how the program works. The control strategy 
used in EMYCIN and DECAIDS is the listing of sets of rules 


mmctO Zroups pertinent to only certain states or declared 
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Meeameters. this grouping serves to focus the tree traversal 
towards the desired initial state from some goal state. 

The backward-chaining traversal method is used with AND/ 
OR trees. The name "AND/OR" is derived from the fact that 
the clauses in the action part of any rule are considered to 
be Operated upon by an "and-ing" function. Separate rules 
in a knowledge base are considered to be operated upon by 
an “or-ing" function. The junctions of the rules clauses 
and the rules make up the nodes of the AND/OR tree. 

AND/OR trees facilitate control strategies in decomposable 
production systems such as DECAIDS. An explanation of a 
decomposable system follows: A rule application only affects 
that component of the global knowledge (accessible to all 
rules) used to state the rule's premise. The decomposition 
of the knowledge base is represented by an atom, one parameter, 
at a time being affected (modified, added, or deleted). A 
primary benefit of the decomposable system is that redundant 
paths are not searched. 

An example of the decomposition of a production system 
1S a rewriting rule such as B implies Cj which produces a 
mening Of all Cj's from some arbitrary string of capital 
letters. The objective is to establish the sequence of 
rewriting rules which produces the string of all Cj's. Each 
Step in the sequence is a decomposed part of the system. The 
premise clause of a system's rules form the AND nodes and 


Junctions of multiple rules form the OR nodes in a tree. 
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Those rules whose preconditions, or premise clauses, evaluate 
fumeemtie Provide the path to a desired state [Nilsson, 1978, 
meeeo2). This structure of the AND/OR tree is used in 
DECAIDS to select relevant rules and to calculate the final 
strength of each rule. These strengths or weights are 


referred to as certainty factors. 


PeEeeCERTAINTY FACTORS 

Certainty factors provide a methodology for quantitatively 
Supporting the reasoning of production rules. A numerical 
value is assigned to each rule conclusion when that rule 
1s added to the knowledge base. This is done by the rule 
writer. The value assigned is not considered to be a 
probability but more of some "expert's" judgmental reasoning, 
and values are permitted to range from minus one to plus one. 
The certainty factors are passed along an AND/OR tree in the 
Mebbowing manner [Davis, 1977, p. 22]. 

ame and" function 1S a Minimization function affecting 
production rules which contain one or multiple preconditions 
Or clauses. Minimization is effected by the fact that the 
conclusion of a single production rule can never be stronger 
than the weakest piece of information. 

ie Or’ function is a maximization function. Accord- 
ingly, the certainty factors of multiple rules reinforce 
Meredetract from) one another. From any "or" function the 
Pumuadative certainty factor is the algebraic sum associated 


With rules leading to that node. The final conclusion's 
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certainty factor is again the algebraic sum of the rule 
certainty factors leading to the root node. If a certainty 
factor falls below .2, an arbitrary threshold for EMYCIN/ 
Weert S, the conclusion 1S not utilized and the situation 
is considered as having no rule to conclude about it 


Oieasecon, 1977, p. 245]. 
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Vee seODUCnhION SYSTEMS 


Pemwith conventional computer programs, Artificial 
Intelligence programs are characterized by data, operations, 
and a control strategy. An AI program is more specifically 
seen to have a global database, a production system of rules 
memaccomplish operations, and a control strategy to determine 
Moen rules to apply and in what order [Nilsson, 1978]. 

Beproduction rule program contains a set of rules. 

This program (DECAIDS) is the set of rules which is defined 
by some production system architecture (EMYCIN) referred to 
as a production system. Each of these rules has one or more 
M@eeconditions to be verified. Upon verification of these 
preconditions (or premise clauses), the rule's conclusion 
Statement will be executed. Information in a knowledge base ~ 
may be modified, deleted, or added by the action of a rule 
Meaeerman, 1976, p. 3]. 

In affecting parameter values, rules are considered to 
be modularized pieces of coding and distinct pieces of infor- 
mation. Each is a separate "chunk'' of knowledge used in the 
Beoeram |Davis, 1977, p. 7]. In performing operations on a 
knowledge base, rules are controlled by a rule monitor and a 
rule interpreter. A rule monitor is a subroutine designed 
to affect the desired control strategy while a rule inter- 
ewer is a subroutine called by the monitor to execute 


rules and, thereby, determine the values of parameters. 
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These functions will be explained in detail later in 
this section. 

When individual rules modify the knowledge base, no 
extensive changes to program codé are necessary because 
each rule is modularized. However, it must be noted that 
While the rules and parameters may be added or deleted 
Without requiring any changes in the knowledge base, their 
additions or deletions may affect the logic required to 
present a complete path of question-asking reasoning to a 
root node. Due care must be exercised not to disturb 
the backward-chaining path used to reach a logical conclusion. 

{In using a production system to address a problem, three- 
meeereemuast be addressed: problem states, the rules, and 
termination conditions. Problem states are the total number 
of alternative solutions possible to achieve a goal. This 
Meeealso be referred to as the problem space. These alter- 
natives must be formulated into some standard computer pro- 
Sramming data structure for program use. Lists have been 
used by Artificial Intelligence programmers as the most 
memropriate data structure. Accordingly, LISP and INTERLISP 
are currently the most often used languages for AI applica- 
tions. State descriptions serve the purpose of describing 
rule preconditions. The approach to a problem in an Al 
program is through a sequence of state descriptions and rule 
applications which modify a knowledge base to arrive at some 


termination condition. The rule monitor is responsible for 
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recognizing the termination state or condition as specified 
by the system designer. 

The control strategy has the responsibilities of 
selecting rules, accounting for problem states (parameter 
values), and accounting for rule usage. There are two basic 
control strategies: irrevocable and tentative. The 
irrevocable method applies a rule with no reconsideration 
of its effect on a knowledge base. An example of a tenta- 
tive system is the backward-chaining used in DECAIDS. 
Reconsideration of a rule's effect is seen as the continual 
computation of certainty factors along a traversal of the 
AND/OR tree. Control strategies may further be explained by 
describing two types of production systems, condition- 


Seven and action-driven [Nilsson, 1978, p. 1-22]. 


eee PES OF PRODUCTION SYSTEMS 

In general there are two types of production systems: 
condition-driven and action-driven. The method of inter- 
action with the knowledge base is the deciding factor between 
the two. In a condition-driven system, the conditions of | 
the premises are compared to the database and the rules 
whose conditions match the database are chosen to have their 
Right-Hand-Side (RHS) executed. The action-driven system 
interacts with the knowledge base by first checking the RHS's. 
This procedure parallels a logical implication with its "l 


mce2 imply 3'' statements. The system attempts to prove that 


Meise true by checking for 3 in the database and, if this is 
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false, then proving that 1 and 2 are true -- therefore 3 is 
true -- and adding 3 to the database [Waterman, 1976, p. 3]. 
A conflict set, in a condition-driven system, is the 
collection of all rules whose Left-Hand-Sides (LHS) have 
proven true. Selection of the appropriate rule to execute 
meen action called conflict resolution. The most often 
Meea technique is rule ordering where each rule is previously 
assigned some priority value and the rule with the highest 
value is executed. 
-EMYCIN and DECAIDS are primarily action-driven systems, 
A premise is presented to the system to be evaluated either 
true or false. The premise may be proved true by the user 
providing an answer to a question or through deductive 
inference. The method for proving the premise is to examine 
the actions of rules to find one which would make the premise 
true. All clauses of the premise must prove true. The 


following is an example of an action-driven problem solution: 


DATABASE: AF 
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ewe GE = G 
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mmemeoadl 1S to prove H true. The system first checks the- 
database to find H. If this fails, which it does here, the 
system tries to deduct that H is true by using the rules 
eeeeeeoncain H on the RHS's. The first relevant rule is 7. 
Gis next sought in the database since if Gis in the data- 
base then H is true. Therefore, rules containing G must 
now be tried. Rules 2 and 3 apply and these may be assumed 
to be rule ordered. D and F must be proven and this is 
accomplished via proving A true in the database, B and C are 
mememirom 5 and 4, and, finally, D and F are true, G is true 
and H is true. As the rules are executed, the newly proved 
elements are added to the database (Waterman, 1976, p. 6]. 
This simple example of an action-driven system should be 
kept in mind when the reader begins to write rules, complete 
the knowledge base, about a specific domain of information. 
More specifically, the source of a value for a parameter 
Should be considered -- from the user or from a knowledge 


base search. 


eee tis EMYCIN INFERENCE ENGINE 

Researchers in Artificial Intelligence have recently 
attempted the solution of some real-world problems. Infec- 
tious blood diseases, pulmonary functions, aircraft wing 
Structural analysis, and decision aiding systems are a few 
Meetne Subjects considered relevant for Al applications. In 


each of these areas, large amounts of task-specific knowledge 
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must be collected to build a knowledge base. This information 
is only available from "experts'' making assertions about a 
particular subject or through research. However, an Arti- 
ficial Intelligence program must provide the desired utility 
before it will draw an interest. It must also be provided 
With a method of maintaining an evolving body of information. 
The use of production rules aid these two AI design criteria 
Meavis, 1977]. 

This thesis includes an example of an interactive 
decision aiding program (DECAIDS), designed to assist the 
middle/top-level manager or commander in making decisions 
concerning acquisition and use of automation within his 
Organization, and when given certain organizational charac- 
teristics, to determine an appropriate organizational 
Structure. Additionally, the method of data acquisition 
which provides for a system creditability and maintains an 
evolving knowledge base will be explained. The "Essential" 
MYCIN (EMYCIN) inference, production rule, engine is the 
programming vehicle used to accomplish deductions and pro- 
duce conclusions in DECAIDS. (The name MYCIN was given to the 
production rule program which was first concerned with infec- 
tious blood diseases because many medicines ended with the 
Buecix “-mycin."’ EMYCIN is an extension of the original 
System to other domains. The term "inference engine" refers 
tO the concept of EMYCIN being a soft machine which produces 
inferences.) [Scott, 1979]. The inference engine modules are 


depicted in Figure V-1l. 
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The advice sought from the system 1s provided by the 
interactive consultation session. Three other system 
utility programs exist for extending the knowledge base 
(the acquisition program), for providing reasons for a 
conclusion (the explanation program), and for answering 
natural language questions about the knowledge base (the 
question-answering program). The question-answering program 
requires an extensive library of domain definitions and is 
Meerentiy not in use in EMYCIN. These modules occupy a 
total of 130K of nonshared code, are written in INTERLISP, 
@@aetun tast enough for real-time interaction [Davis, 1977]. 
The DECAIDS domain specific knowledge consists of less 
memes Production rules. Each rule contains, as mentioned, 
a premise and an action. The premise is a Boolean eonlnine som 
Memeeredicate functions on associztive triples with each 
premise clause containing a predicate function, an object 
(context), and an attribute (parameter) value. An example of 


M@ectlause in English is: 


Mew ine structure of organization is line," 
cacti INT ERLISP syntax is, 
mean (SAME CNIXT STRUCTURE LINE))" 


Meee then" part of the rule is the conclusion statement. 
meeendix EF contains a listing of the standard predicate 
functions used in premise and conclusion statements. The 


premises are evaluated in INTERLISP to test for their 
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validity and the conclusion action performed if "true" is 
the premise value. Known conditions are saved in the 
"session database" by a rule adding that condition [Davis, 
moe] | . 

Meeerkule Invocation Procedures 

Rules are called ina backward-chaining manner which 
produces a depth-first search of an AND/OR tree, e.g., this 
search proceeds down the branches of a tree first rather 
than across. When given a goal to achieve, the system 
retrieves the list of rules whose conclusions bear on the 
goal -- the right-hand-sides are scanned and the goal sought 
for in the knowledge base by the monitor subroutine. The 
Mek bloP function "EVAL" is the rule interpreter for 
evaluating the premise of a rule. (In INTERLISP, an '"S- 
expression" iS an atom or may be a list; "s" is an abbreviation 
Meme symbOlic.’"’ An EVAL function in INTERLISP returns the 
value, TRUE or NIL, of an evaluated s-expression.) [Winston, 
1977, p. 266]. No additional work is required. Rules whose 
premises are evaluated false are bypassed and those for which 
an answer cannot be determined have sub-goals created for 
them and a rule search recurs, 

These sub-goals take the form of "find the value of the 
parameter" of the premise. "By setting up the generalized 
goal of collecting all evidence about a parameter, the program 
exhausts each subject as it is encountered and tends to group 


Meecimer all questions about a topic. This presents a more 
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orderly approach to the problem." [Davis, 1977, p. 9]. 
ieearecer trying all relevant rules about a sub-goal, the 
@ettainty factor associated is still between -.2 and .2, 
then the sub-goal is still considered as unknown. ''This 

may happen if no rule were applicable, the applicable rules 
were too weak, the effects of several rules were offsetting, 
femmeeethere were no rules for the sub-goal at all." {Davis, 


meee P- 10). EMYCIN provides the pattern matching capa- 


bilities and INTERLISP provides the evaluating functions -- 
the user or system writer, who completes the knowledge base, 
Siete turnish all concluding rules. If no value can be 
deduced, then the user may be asked for a value. A value 
may be an alphabetic value. A "?'" will present a list of 
acceptable values to the user during a consultation. 

In some cases, the user 1S assumed to always have 
the answer to certain questions for which there should be 
Bemmeed tO spend time searching. Name, rank and social 
Security number are examples of such information. In this 
case, where the user is immediately expected to provide a 
parameter value, the answer to a question, that parameter ls 
declared with a property called LABDATA. This LABDATA 
property will have a value of true declared and the user 
Will be prompted with a plain language text question request- 
ing the subject parameter's value. This plain language text 


question is maintained in a parameter property called PROMPT 
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and the acceptable or permitted values for a parameter are 
mepeein a property called EXPECT. 

In the interest of efficiency, rules are 'previewed'"! 
for clauses whose values are already known and would thus 
make the entire premise false. There would then be no need 
to evaluate this rule. When running a consultation with the 
meenest level] fault trace turned on (FT4), a rule found 
false during this preview will receive the following message: 
"Rule #, Failed in Preview Due to Clause #."' The Boolean 
logic for this situation is False and True = False. 

The "previewing" facility 1s accomplished with a data 
Structure called a template used with each predicate func- 
tion. Each template has the basic form of (function-context- 
parameter value) and uses internal flags to determine if a 
parameter has been previously used with this function and 
Whether it is true or false in this clause. 

The last action seen during rule invocation is the 
use of antecedent style or definitional rules. If a conclu- 
Sion 1s made which matches the premise, these antecedent 
rules are invoked with a certainty factor of 1.0. After 
desired parameter values have been determined, an antecedent 
mire 1S used to produce the system's output, 1.e., once the 
parameters describing the context ORGANIZATION are known, then 
an inference can be made with a definitional rule recommending 
the organization should use a particular type of computer 


iistailation [Davis, 1977]. 
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meeebATA ACQUISITION 

Since any domain of information can be expected to 
change, a capability to add and delete pieces of knowledge 
must be provided. The updating of an evolving knowledge 
Memes necessary to give the subject system acceptability 
and recognized competence [Williams, 1978, p. 3]. The 
addition of knowledge to a system is accomplished by the 
meseem Writer or user producing the production rules using 
the INTERLISP syntax described later. EMYCIN and DECAIDS 
Scan new rules provided by the expert to find key words 
Which indicate the appropriate predicate functions and a 
template, function-context-parameter-value tuple, to be 
retrieved. Values provided for the parameters must be a 
member Of the parameter's EXPECT property, the list of per- 
Mitted or expected values for that parameter. Upon comple- 
muemeOor the parse of the rule, the new rule is added to the 
appropriate list of relevant rules of the same rule group 
Meavis, 1977, p. 25]. 

When adding new rules, direct contradictions should be 
avoided. While the certainty factor computations will 
Meovide a resolution, the strength of the consultation 
recommendation will be weakened by contradicting rules. 

New values and parameters must also be updated throughout 
the information structure of the system. While new rules 
may be added without regard for deleting old ones (only the 


true, relevant rules will be executed), parameter values 





must be kept abreast of current technology. Finally, the 
additions of not just a single rule but the addition of an 
entire concept must be carefully planned when being added 

to a knowledge base. A Single rule is easily expressed and 
added to the program. However, a set of rules, stated in 
the backward-chaining, goal-directed, manner is not a normal 
human method of expression. Due care must be exercised in 
Writing a logical ordering of rules to achieve a complex 
concept or goal. Written first in the system writer's 
natural language (1.e., English) the question asked of the 
user (or implicitly of the system) will be the rule concluding 
the parameter values. 

This is an example of the modeling process used to write 
production rules and fill a knowledge base. 

1. <A system designer has been tasked to accept ideas 
from an organizational theorist and information analyst and 
to produce production rules leading to a recommendation 
concerning computer resource utilization. 

2. It has been decided that STRUCTURE, the name of an 
Organization, may have one of two possible organizational 
Mepes: LINE or MATRIX. STRUCTURE, LINE and MATRIX will be 
used by the system designer as parameters in the knowledge 
base. LINE and MATRIX are values tor the parameter STRUCTURE. 

3. It has further been decided that if STRUCTURE has 
the value of LINE, then the organization is recommended to use 
meeorge computer, graphic display, and batch processing 


@apabilities, 
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4. Accordingly, the system designer decides to declare 
eeeee(ot the computer), TYPE (of display), and MODE (of 
Mee@ecssing) aS parameters with values of large or small, 
printer or graphic, and interactive or batch, respectively. 

Sethe system designer next verbalizes a premise: 

It the structure is line 
(and, next he verbalizes an action) 
Then strongly suggest a large computer be used 
fer .8) 
Strongly suggest graphic terminals be used 
(er --8)) 
Strongly suggest batch processing be used 
fect 38) 
meer inaliy, the rule is written in INTERLISP syntax: 
COND mee MENeNTXT STRUCTURE LINE)) 
me-ALE (CONCLUDES CNIXT SIZE LARGE TALLY 800)) 
COOUNGRUREMeNTXT Tyee GRAPHIC TALLY 800)) 
CCCNCEUDE CNT MODE BATCH TALLY 800)) 
fee ihe phrase “TALLY 800" is the required certainty 


factor syntax. 


meee bASITC SEARCH METHOD OF EMYCIN/DECAIDS 

Searching in EMYCIN/DECAIDS is entirely a goal-directed, 
backward-chaining process. Each "goal" is to determine the 
Value of some parameter. The chaining starts with the 
parameter which the system builder specifies as the goal 


Meeeene consultation. This is the value or values in the 
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Sermo property of the root context type. This GOALS 
property is actually a list of parameters and each one is 
traced in turn. 

To trace or determine the value of a context parameter, 
S@ewcOnctrol Structure accomplishes the following: 

-- If the parameter's LABDATA property is "T,'' then the 
value is requested of the consultation system user. If 
the user responds UNKNOWN or enters a certainty factor (cf) 
less than 1.0, and if there exist rules that conclude the 
parameter, then these rules are tried. Once all rules have 
been tried, the system knows as much as it ever will about 
that parameter. If the parameter does not have a "'T" value 
Geaeene LABDATA property, the rules are tried first. After 
all have been tried, and still nothing is "known" about the 
Value or the parameter has a PROMPT, the user will be asked 
the question (text) in the PROMPT property for which,certain 
answers (values in the EXPECT property) are allowed. Here 
"known" means a cf greater than .2 for non-yes/no answers 
and a cf greater than .2 or less than -.2 for yes/no parameters. 
When all of this has been accomplished, the system knows as 
much aS it ever will about that parameter. 

The previously described apparatus is called the FINDOUT 
mechanism and is written in INTERLISP. The process of trying 
a set of rules is called the EMYCIN MONITOR mechanism and 
works as follows: 

the system Starts with the first rule in the list. The 


UP-DATED-BY property of a parameter is the list of rules 
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that can be used to conclude about the parameter. This 
Teele y)-BY property is compiled by the GETRULES, rulewriting, 
program. The UP-DATED-BY property is the list that is used 
by the MONITOR mechanism when the MONITOR is used to find 
meee Parameter value. 

Each clause in a rule's premise is evaluated. If a 
clause mentions a parameter which has not yet been traced, 
then the FINDOUT mechanism is used to trace it. This is 
Where the backward-chaining is demonstrated. The system 
now suspends what it is doing and sets up a sub-goal, i.e., 
to find out the parameter that is needed in the rule currently 
being processed. The backward-chaining drives the consulta- 
tion: It is what causes all questions to be asked with the 
exception of the PROMPT's of the parameters in the MAINPROPS 
property of the contexts. 

molt the clause that is being.evaluated fails, then 
the rule is discarded and the system MONITOR mechanism pursues 
the next rule in the list. If the rule succeeds, then the 
next clause of the premise is evaluated. When there are no 
more clauses to be evaluated, execution of the ACTION clause 
Becurs. 

-- If the value of the parameter is known with certainty 
(cf = 1) then the system seeks no further, and goes on to the 
Mext rule having executed the action. The entire process 
Mencinues until each rule in the list has been tried. 

The only exception to backward-chaining is in ANTECEDENT 


rules, These are rules that are tried as soon as all the 
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Memeameters in the PREMISE are traced as opposed to the rest 
Of the rules which are tried in order to find out the value 
of the parameter in their ACTIONs. On the property list of 
@eparameter the ANTECEDENT-IN property is a list of ante- 
cedent rules to be tried when the parameter has been traced. 
Once the parameters have been traced, the rule is executed -- 


often in an output type statement [Scott, 1979]. 


Meee aRAMETER TRACING IN A CONTEXT TREE 

EMYCIN/DECAIDS performs the following actions in order 
to trace the value of a parameter, called "PARM" in this 
Sempre, in a context, called "CNTXT." The rules in the 
meeameter's UP-DATED-BY property are tried one by one. The 
rules are listed in the UP-DATED-BY property by the GETRULES 
mimerogram. When trying a rule, called "RULE," its SUBJECT 
meee "GROUP," in this example, 1s compared to the context 
type of "CNTXT," called "TYPE." "GROUP" is the value of 
RULE's subject property and is a member of the list called 
BneaMES -- the name of the list for rule groups. "TYPE" 
Memeene Value of “CNTIXT's" PROPTYPE property. This value is 
menwoP-VAL" for all contexts. 

ieionmOGOUNTEXT property of a rule group is the list of 
memeext types to which RULE can apply. By convention, a 
rule may reference parameters of the context to which it 
applies and parameters of descendent contexts. It may 
not reference parameters of contexts lower in the tree -- 


nearer the root. Therefore, if a rule is relevant to CNTXT, 
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one of two conditions may apply. The RULE may apply 
directly to CNTXT, and in this case, the CONTEXT property 
Memon OUP must contain TYPE and the RULETYPES property of 
ieeeemust contain GROUP. The other possibility is that RULE 
applies to a descendent of CNTXT. TYPE's OFFSPRING property 
is the list of context types that may be below CNTXT in the 
tree. The system examines each of the OFFSPRINGs of TYPE 
(and succeeding OFFSPRING) to try to find a descendent con- 
text type to which RULE can apply. If any such lower context 
is found, then the RULE is relevant. Relevant descendents 
of CNTXT are collected and RULE is applied to each of these 


contexts [Scott, 1979]. 


FP. INTERPRETING THE PRODUCTION RULE PROGRAM 

The interpretation of a production rule system is com- 
paratively simple. The procedure involves a search through 
the. knowledge base for a production that matches the pro- 
@uetion in the consultation data-base. DECAIDS moves back 
and forth searching for the relevant production and execu- 
ting the rules which are true. The action of searching for 
a rule is made a little easier through the ease of pattern 
Meemening in LISP and JNTERLISP. LISP has no organic pattern 
Matching capabilities but can be easily programmed for this 
Mies The basic LISP function which facilitates this in- 
terpreting is called COND. COND is the LISP branching 
Merion Or conditional function. The COND function is 


Followed by a list of premise clauses to be tested. The 
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pattern naeOndne Cectbsomat tals time with the system, 

eiieeking in accordance with the GETRULES "used-by" property, 
looking for key, or matching, expressions. More specifically, 
a function is DEFINE'd in LISP which examines the elements 

of the rules in the knowledge base and the consultation data- 
See (' DEFINE" is a LISP function which permits a 

@umetion declaration. If a match is made, a recursive call 
memmade O the remainder of the rules to be matched. If 

NIL is returned, then the next clause is examined [Winston, 


1977]. 


See ROo AND CONS OF PRODUCTION SYSTEMS 

There are several advantages and some disadvantages in 
Meme the production rule architecture. Production rules 
mepresent a form of code modularization. Each production 
Mmebe 1s a self-contained, modular piece of code independent 
of other rules in execution. The advantages of modular 
coding are well known. Such a technique greatly aids the 
task of managing very large and/or evolving database. 
Parsing new rules to be added to the appropriate internal 
lists, relevant to a goal, is made easier. The production 
rules are a succinct form of knowledge representation. Each 
1s easily written and retrieved. Unlike other high-level 
languages, no changes in previous coding need be made in 
Order to add new rules. No other rule must be altered to 
ensure that the new one will be called and executed 


(Winston, 1977]. The use of the RULE GROUP and PROPGROUP 
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properties and the key word search of the function-parameter 
templates ensures that only relevant rules are executed 
Beeoec, 1979]. 

A disadvantage in the use of production rules is the 
difficulty in expressing series of rules to convey a complex 
concept. The modularized, “if-then'' coding does require 
some practice in the area of "backward-thinking.'' The rule 
writer must be cautious of the goal-directed invocation of 


foes in preparing the rules [Winston, 1977, p. 151]. 
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VI. DECAIDS KNOWLEDGE BASE 


A. BACKGROUND 

The birth of decision making as a discipline can be 
traced to early operational analysis techniques employed 
foams World War Ii (Williams, 1978, p. 4]. More recently 
there has been considerable debate between behavioral 
Scientists and technically-minded analysts concerning just 
what decision making is. Behavioral scientists believe 
that decision making remains the province of organizational 
MemavyiOor and theory. This point of view differs drastically 
from that of the more technically-minded analysts who 
believe that this discipline is better founded in quantita- 
tive methods such as operations research and management 
Science. The differences between these viewpoints clearly 
point to the fact that "decision making theory'' remains 
Bemacively unformulated [Williams, 1978, p. 4]. 

The capabilities of automatic data processing techniques 
in operational and management tasks (accounting routines, 
Beeord keeping, operations control, etc.) are well known. 
The use of these techniques by mid- and high-level managers 
beyond these "bookkeeping" areas is not yet significant. 
There are two major reasons for this lack of use by manage- 
ment to assist in decision making. One is the inability to 
adequately transfer new technologies from the research/ 


academic areas to the manager. However, the primary reason 
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for the manager's point of view may be the lack of a model 


which describes the organization status or Situation. 


fee MODEL DEVELOPMENT 

The prototype program (DECAIDS), as described in this 
paper, represents an attempt to identify the key parameters 
affecting organizational managers and the decisions which 
they must make. More specifically, this decision support 
program, DECAIDS, attempts to "quantify" these parameters 
in order to deduce recommendations concerning appropriate 
computer system capabilities. These recommendations are 
based upon organizational characteristics described by the 
user. 

The DECAIDS knowledge base was developed from the final 
technical report prepared for the Office of Naval Research 
by Spector, Hayes, and Crain. This report evaluates the 
effects of computer-based decision aids on organization 
Structure. It was chosen as the basis for DECAIDS because 
it specifically addresses the subjects of decision aids and 
Organizational structure. The knowledge base 1s not con- 
Sidered comprehensive; rather it is a skeleton which can 
be further expanded by subsequent research. 

The current knowledge base (Figure VI-1) has ORGANIZA- 
TION as the root context. This context is defined by the 
Organization's structure and environment. The following 
@eerrOns of this chapter describe the current system 


parameters and the ultimate recommendations which are 
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reached during the interactive consultative session(s). 
During the following discussions, DECAIDS program parameters 
are indicated in capital letters. 
meeerormal and Informal Organization Structure 
"Organization structure is concerned with the role 
and personal arrangements within an organization that 
specify authority, coordination, and communication rela- 
Mronmsnips. These arrangements link functions and physical 
Mmeerors tO Manpower requirements and availability." [Spector, 
[meow p. OL). Simply stated, this organizational structure 
relates to the internal system of functioning groups -- 
the processes by which the organization operations are or 
should be accomplished. The organizational structure can 
be further subdivided into the formal and informal structures. 
The formal structure (FORMAL) involves the official 
patterns of authority and the location of responsibility 
Memaccountability within the organization. Public and 
private sector usage has resulted in the identification of 
four basic formal structures. These four categories define 
the different lines of command and control, advisory, and 
functional relationships. The four basic formal structures 
used in DECAIDS are: line, line and staff (called staff), 
functional, and project manager (called matrix) [Spector, 
mo, Pp. 35-2). 
Line structure emphasizes direct chains of authority 


and unity of command while the line and staff includes an 
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informational and/or advisory staff to assist/guide line 
@eeoperational personnel. A functional structure organizes 
Memoomne! Dy functional activity or type of task, such as 
Smeoy, planning, or communications functions [Spector, 
1978, p. 35-2]. Finally the project manager (matrix) structure 
organizes specialists from specialized organizational units 
to work together with other specialists. 'For example, 
chemical, mechanical, industrial, and electronic engineers 
may work together in a team with physicists, accountants, 
human engineers, and other professionals to develop a new 
Mememer,'’’ ((1osi, 1976, p. 471]. In this structure, the 
individuals work to achieve the interdepartmental goals. 
The informal structure (INFORMAL) describes the 
system of transactions, dynamic and interpersonal, which 
Occur within an organization. These informal processes, 
patterns, and relationships develop quite naturally as 
Organizational personnel interact to handle the problems 
and requirements of their roles in their own particular 
Meeercs. While the organization's formal structure estab- 
lishes the division of labor within the organization, the 
informal structure identifies the reality of organizational 
behavior and performance based upon the individuals involved. 
Beocson ef al. (1978) identified five intormal 
Structures. These five informal structures which have been 
Meade in NECAIDS are: centralized, consultative, transac- 


tional, partially-delegated, and decentralized. A centralized 
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structure employs a focused flow of authority to a single 
source at the top of the hierarchy. Consultative-type 
mieormal Structures Maximize patterns of central control, 
but encourage vertical, upward communication of advice/ 
guidance from the professional staff. Open communication, 
deliberation, and negotiation, not only vertically among 
hierarchial levels but laterally among levels is highly 
encouraged by transactional structures. This type structure 
does not preclude the ultimate decision remaining with the 
high levels of the hierarchy. Another form of informal 
structure promoting management by negotiation is the 
partially-delegated structure. This system distributes 
authority among the professional staff while increasing the 
need for coordination of effort. Under this arrangement, 
staff personnel have authority to develop action alterna- 
tives with top management retaining the right to approve, 
meyect, or modify these options. Finally, the decentralized 
Structure uses a high degree of delegation and dispersal 

of decision making authority to lower levels of the higher 
hierarchy. 

Formal and informal structures represent the 
theoretical and realistic arrangement of organizations, 
respectively. Formal structure defines a set of decision 
methods and procedures designed by management in order to 
optimize the performance of the organization. The formal 


Structure that is chosen reflects the past management 
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experience and is based upon the expected personnel 
configurations. The informal structure defines the actual 
decision methods and dynamic problem-solving processes that 
are used to motivate organizational performance. 

In reality, these informal structures may exist in 
a myriad of combinations and variations. DECAIDS uses them 
individually and independent of one another. This program 
also offers the user the additional choices of declaring 
both formal and/or informal as not known (notavailable). 
Mmemenis Option is used, the program contains production rules 
which will return suggested configurations for formal and 
informal structures. 

wee Environment 

The other parameter affecting organizations is the 
environment in which the organization must operate. There 
are three basic factors which make up this environment. 
They may be described as: the mission to be accomplished, 
the personnel required to perform the mission, and the 
technology available to perform the mission. 

The model defines the mission in terms of problem 
definition (PROBDEF) and stress level (STRESS). The user 
is asked to define the task in terms of problem definition, 
mecner clearly defined or ambiguous. Mission stress is 


defined as high, low, or unknown. 


? 


Personnel environment is divided into two categories 


Semceming the leader and staff. The system currently 
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contains only two parameters related to the leader. These 
are the leader's style (STYLE) and his level of training 
(LEADER-TRAINING). Leader style is defined as either 
relation-oriented or task-oriented. Relation-oriented refers 
memene leader who gives "little direction to his staff, 
encourages them to actively participate in setting decision- 
making parameters, and values the development of personnel 
responsibility, decentralized informal organization structures 
Meevide maximum performance." [Spector, 1978, p. 4-20]. 
Conversely, task-oriented leaders are defined as those who 
prefer far more centralization or consultative structure 
and are less concerned with the development of individual 
responsibility in the decision-making policy. Leader- 
training relates the level of training in the use of the 
computerized technical aids which the mission leader 
currently possesses and is defined as either skilled, 
unskilled, or unknown. 

The staff environment is currently defined by only 
One parameter, staff-training (STFFTRG). This parameter 
relates to the staff's level of training in computerized 
technical aids and is either skilled, unskilled, or unknown. 

The available technology relates to three parameters: 
computer system status (SYSSTAT), the technical knowledge 
mel required to perform the mission, and the purpose of 
the system's use (METHODS). The first parameter, computer 
System status, refers to the implementation or operational 


Memes Of the organization's computer assets. The only 
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alternatives currently offered are: yes, an operational 
System is in existence, or no, there is none in operation. 
The alternatives allowed for knowledge level are skilled or 
unskilled. The other parameter used to define technological 
environment deals with the use of the system. The current 
Meeepecd responses are inventory aids or analytical aids. 
Inventory aids refer to the more administrative type uses. 
Analytical aids are those which concern more scientific 
applications. 
mee DeECAIDS Program Goals 

The program which has been developed is currently 
designed to support three goal parameters. These goals are 
emerson aid characteristics (DECAIDS), formal structure 
MeekoTRUC), and informal structure (UNSTRUC). Successful 
inference of the first parameter, DECAIDS, is the primary 
goal of the current program. The interactive session 
between the program and user is aimed at deducing the most 
appropriate decision aid characteristics based upon the 
invoked program production rules which in fact reflect the 
user's decision making environment. 

DECAIDS is composed of four parameters that define 
Various characteristics of computer decision aids (Figure 
VI-2). The current definition includes the recommended type 
of computer system (TYPSYS), output devices (OUTPUT), 
computer installation arrangement (INSTALL), and the best 


training/assistance alternatives for successful implementation 
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meow the current type systems recommended are real-time 
and non real-time. The output devices are either individual 
terminals or large screen displays. The possible installa- 
tions are divisional and pyramidal. Divisional installation 
places authority in each division for independent systems 
While pyramidal installation places authority at the top of 
one super-system above all divisions. The final parameter 
reflects the training needed or assistance required by the 
Organization in order to implement a computer based decision 
aiding system. 

The two other goal parameters, referring to formal 
and informal organization structure, are invoked when the 
user responds that either or both of these structures are 
not available. When this answer is indicated, production 
rules for FORSTRUC and/or UNKSTRUC result in the recommenda- 
MuememetOr the use Of either line and/or centralized structures 


are made. 
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Seo bIJIECTIVES 

The EMYCIN system was designed and implemented by a 
research group at Stanford University, Palo Alto, California. 
It contains the essential components needed to create and 
Support an interactive consultation program. These essential 
Components are the consultation program, predicate functions 
and their translations, the explanation subprogram, and the 
Guestion-answering subprogram. (This last feature is currently 
not functioning in EMYCIN.) The subject domains of the program 
range from human blood disease diagnosis to structural analy- 
Meeocott, 1979}. The domain of the prototype program 
Maver oped in this paper is decision support system charac- 
@eeeestics and is named "DECAIDS." In order to implement 
this domain, a knowledge base was created and fitted into 
Bae EMYCIN format. 

ire Objectives of the tutorial follow: 

1. Introduce the computer-naive user to the EMYCIN 
System and the DECAIDS program, 

Z. Provide users with the required background and 
documentation in order to further develop DECAIDS or 
develop a unique program of their own. 

3. Demonstrate the basic features of a knowledge base 


system through the use of a very simple prototype system, 
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4, Introduce the INTERLISP programming language and 
provide users with sufficient information concerning its 
syntax and functions for use with the DECAIDS program. 

5. Produce an interactive system which will provide 
managers with recommended decision aid characteristics based 
upon their individual organization structure and environment. 

The first and second objectives are related and will 
provide users with the more basic concepts involved in 
producing a working system. It is assumed the user does not 
possess a background in computer science and every effort 
Will be made to explain these concepts in an understandable 
manner. 

Mims tutorial is intended to provide an introduction to 
the use of INTERLISP. The documentation contained in the 
tutorial and Appendices F and G is intended to furnish users 
With sufficient knowledge of INTERLISP so that they can work 
With the DECAIDS program. 

Finally, the use of the prototype DECAIDS program 
demonstrates knowledge base features and provides the 
Mets fOr the fifth objective. It is anticipated that the 
DECAIDS program will be greatly expanded and improved by 


future users. 


fee KNOWLEDGE BASE SYSTEMS 
The building blocks of the knowledge base are contexts, 
parameters, goal-parameters, and production rules. The first 


Step in the creation of a knowledge base is the creation of 
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the tree structure which represents the subject domain. 
(Figure VI-1 provides the logical tree structure or knowledge 
base of the DECAIDS program.) The selection of the subject 
creates the root-context for the context tree. The root 
context will have one or more goal-parameters which represent 
the ultimate ''recommendations" to be inferred from production 
rules. The various branches of the context tree are repre- 
sented by parameters used to describe the subject domain of 
the tree. The ultimate objective is to write a set of 
production rules which relate parameters with appropriate 
goal-parameters. Goal-parameters can be defined as those 
parameters which are concluded from the production rules. 
This objective is accomplished by writing questions about 

the system parameters in natural language (1i.e., English). 
The responses to these questions will constitute the infor- 
mation contained in the knowledge base. 

The system parameters must be declared next. Section C 
of this chapter and Appendix D contain definition and examples 
Of the various parameter properties. These properties must 
be provided by the system designer when the parameters are 
declared (entered on the computer system). 

The knowledge base system production rules are written 


maeche following format: 


af 





If; parameter, = value and 


il 1 
parameter, = value, and 
parameter, = value, 
Then: goal-parameter, = goal-value, (ef) wand 


goal-parameter_ = goal-value | Ceme 


Each value for the goal-parameters will have its own certainty 
factor (cf) assigned. A certainty factor is a relative weight 
based upon probabilistic reasoning by the expert who provides 
the knowledge base. In EMYCIN/DECAIDS, these certainty factors 
mamee trom -1.0 to 1.0 in increments of 0.1. 

The successful construction of a knowledge base depends 
greatly on the fact that conditional statements are related 
to all of the declared parameters. These conditional state- 
ments are actually a set of backward-chaining rules which 
eventually conclude the declared goal-parameter(s). For 
example, one of the DECAIDS program current goal-parameters 
as “DECAIDS."" Therefore, production rules must eventually 


assign 'DECAIDS"' some value, i.e., 


ie wrarameter X 1S Value Y 


Then: Conclude '"DECAIDS' equals (recommendation). 


The value of parameter X is provided to the program during 
mae interactive session. The recommendations for this 


Particular goal-parameter (DECAIDS) consist of the four 


58 





Marameters called TYPSYS, OUTPUT, INSTALL, and TRG. These 
parameters are more thoroughly explained in the preceding 
emapter. 

The successful implementation of this type system depends 
upon providing a chain of reasoning that will "find" parameter 
values which lead to the "selection" of desired goal-parameter 
values. This can be accomplished by first writing the con- 
ditional statements related to parameters that will conclude 
the goal-parameters in English. From this format these rules 
can easily be transposed into the INTERLISP language. The 
EMYCIN monitor selects the order in which conditional state- 
ments will be processed. The system designer can control the 
direction of the interactive session by ordering the parameters 
(of the context's MAINPROPS property) in a manner which makes 
the session flow easily. This is accomplished because the 
system asks its questions (PROMPTS) in the same order that 


these MAINPROPS are listed. 


Mol oteM PROPERTIES 

The following properties are used in the EMYCIN/DECAIDS 
program. They are used to implement system additions after 
the appropriate production rules have been written. 

imo Contexts 

The knowledge base is centered around the "object- 

Meeriputed-value” triples. The object portion of this triple 
is the context. A context is some entity made up of related 


Parameters. Each system that is constructed must have at 
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Teast One context (or root) which is the subject for that 
system, 

Piece Uo, the context 1s “ORGANIZATION.” The 
relative simplicity of the current DECAIDS knowledge base 
lends itself to the use of this single context. In more 
complex subject domains, it may become necessary to organize 
meseem attributes into multiple contexts. For example, 
BeeeeiN uses PERSON (the root context), CULTURES (the results 
of infectious cultures), and ORGANISMS (the types of organisms 
obtained from cultures and treated which is to be prescribed) 
Meme, 19/7}. System designers must decide a priori, based 
upon system complexity, how parameters are to be organized 
into contexts. It 1s noteworthy to mention that with proper 
Organization, even relatively large systems can be frequently 
Organized under one context. However, if multiple contexts 
are used, they must be arranged in a context tree which 
allows the production rules to refer to parameters of more 
than one related context. This is accomplished with the 
Mum Properties ASSOCWITH and OFFSPRING. These properties 
are lists of ancestors and descendent context types, respec- 
tively. 

Contexts are declared in a manner Similar to that 
Mead tO declare parameters. (This is true because contexts 
are also parameters.) These specific procedures are dis- 
cussed in the following section. 

The primary properties which must be declared for 


contexts are: MAINPROPS, TRANS, PROPTYPE, TYPE, RULETYPE, 
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and GOALS. Other properties, included as Appendix D, are 
necessary for describing systems which are more complex 

than DECAIDS. These names are syStem names and are explained 
as follows. 

MAINPROPS - These are the main parameters which 
describe a context. TheSe parameters are declared as a list 
and are used to "trace" or define the context. The consul- 
tation session includes an interactive phase where these 
MAINPROPS are asked of the user. User responses will invoke 
the appropriate production rules to produce the consultation 
recommendations. The order in which these parameters are 
listed in the property of MAINPROPS assists in providing a 
more logical or "'coherent" consultation for the uSer. 

TRANS - This property is the literal translation of 
the context (or parameter). This definition describes how 
mee COntext will be translated in the program. In DECAIDS, 
fm@enlRANS of the context ORGANIZATION is "the organization." 

PROPTYPE = This property is used by the system to 
identify to which context a particular parameter belongs. 
MeerlDS contains one PROPTYPE for ORGANIZATION, PROP-ORG. 

TYPE - This property is the name used to identify 
contexts. For example, successive consultations involving 
the context ORGANIZATION will be titled "ORGANIZATION 1, 
ORGANIZATION 2, ORGANIZATION. . .". 

ULB r ei nisms ad 1iSt Of the rules which must be 


Searched in order to find a particular parameter. ORGANIZATION 
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Currently has only one ruletype, ORGRULES, which contains 
all rules to determine the goal-parameters. This name was 
miesen to stand for “organization rules," 

GOALS - This is a list of goal-parameters which are 
applicable to the context. More than one goal is allowable. 
This allows for the more complex systems to be represented 
by single contexts. Current goal-parameters for ORGANIZATION 
Meee OECAIDS, UNKSTRUC, and FORSTRUC. 

ee Parameters 

Parameters are defined as attributes which describe 
a given context. In the knowledge base, "object-attribute- 
value" triple, parameters are the attributes. These attri- 
butes may be thought of as questions to be asked (of the user 
or the system) that describe the context. For example, the 
system designer will ask the following type of questions, 

"Is the 'parameter' of the ‘context! a 'value'?'"' The values 

correspond to appropriate answers to the designer's questions. 
These are pre-specified (if appropriate) by declaring them 

in the EXPECT property of the particular parameter and are 

explained later in this section. 

The use of parameters in production rules has been 
discussed. Parameters are contained in the various lists 
With names of the form PROP-type. This form indicates a 
prompt which the user will answer. These lists are further 
merlected into either PROPGROUPS or AUXPROPGROUPS, PROP- 


GROUPS initially contain the reserved work PROP-VAL, which 
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is the PROPTYPE for contexts, and eventually contain each 
parameter group declared in the context's PROPTYPE property. 
(Keep in mind that. contexts are declared in the same manner 
as parameters.) AUXPROPGROUPS are lists of auxiliary 
parameters which serve varying purposes. The most useful of 
these purposes is defining a RULEGROUP. A RULEGROUP will 

be explained in the following section. 

The most frequently used parameter properties in 
the DECAIDS system are: TRANS, PROMPT, EXPECT, REPROMPT, and 
LABDATA. 

ie Noe- Thiseis the literal translation of the 
parameter. TRANS is declared in the same manner as contexts. 

PROMPT - This property is the natural language 
text question which is asked of the user concerning each 
parameter. Care should be taken when composing prompts 
so that the consultation dialogue makes sense to the user. 
(The context's MAINPROPS property can be used to assist in 
making the consultation flow smoothly and logically. 
Parameter PROMPTS are asked in the same order the parameters 
are listed in the MAINPROPS.,) 

EXPECT - These are the accepted or "expected" 
responses to the PROMPTS. The specific values may be 
Supplied by either the system designer or user. In order 
to specify that anything 1S an appropriate answer, the word 
"ANY'' should be entered as the EXPECT value of that parameter. 
If a parameter has a PROMPT, it must also have an EXPECT 


value. 
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REPROMPT - These are additional natural language 
text statements which are used to further explain the 
question asked by parameter PROMPTs. They are of great value 
to the designer and user because they can remove ambiguity 
concerning PROMPT meanings. They automatically list the 
accepted responses which the system will recognize. This 
property is invoked when the user responds with a question 
mark when asked a parameter PROMPT. 

LABDATA - This property is a system key that indi- 
Cates that the user will provide a value for that parameter. 
This is done by entering "T'' as the value for LABDATA, 

An example of these various properties is provided 


for the following DECAIDS parameter: 


FORMAL: (Parameter name) 

RICANS: (The organization's structure) 

PROMPT : (The formal structure of the organization 
San bevderined as Clither dine, staff, 
matrix, functional, or not available. If 


further explanation of these terms is need- 
ed, type a question mark. What is the 
Sutin Zzathon’ os tOrmaleestructure?" 


Exec : (iaticsmotate Funetional, Matrix, Not 
Available) 


LABDATA: Be 


REPROMPT: (Line-emphasizes direct chains of authority 
and unity of command. Staff-includes an 
informational and advisory staff to assist 
and guide operational personnel. Functional- 
arranges personnel by functional activity 
such as logistics, communications, etc. 
Matrix-draws personnel from across depart- 
mental lines.) 
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See RuUlegroups 

All rules must be assigned to groups called rule- 
groups prior to being declared (entered on the system). 
If no rulegroup is defined, the rules will not compile. 
Rulegroups are determined by the type(s) of contexts to which 
a rule may apply. Generally, a rule is applicable to the 
lowest context in the tree whose parameters appear in its 
PREMISE or ACTION. The group for the rule must be in the 
RULETYPES property of the applicable context type(s). In 
most cases, the RULETYPES property will be a list of a single 
group. All rulegroups are members of the parameter group 
called ALLNAMES. The use of ALLNAMES is covered in the 
GETPARMS section of this chapter. Before entering rules, 
Mmemonnecessary to define and initialize all rulegroups which 
are named "typeRULES."' The procedure for accomplishing this 
Meco type "SET(typeRULES NIL)" and then define the group 
by the GETPARMS routine. (The word type in lower case 
letters refers to the specific type used. In DECAIDS, the 


rulegroup is called ORGRULES. This stands for organization 


rules.) 
Rulegroups have the following properties: 
GONTECGe- inks ws the list to which rules of this 
type apply. 


SVAL - This property tells how to translate the 
reserved word "CNTXT" in rules of this type. 
CTRANS - This 1s a phase in English (a translation) 


describing what context types the rules apply to. This 
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meamslation fills in the blank in the EMYCIN system phrase, 
Beeeserule applies to ." This explanation precedes 
actual rules when rules are actually printed by the 
PRINTRULES routine. The use of this routine is explained 


in this next section of this chapter. 


ee GELTING STARTED 
1. Accessing the ARPANET 
The DECAIDS system currently resides on a computer 
at the Information Sciences Institute of the University of 
Southern California. Access to the system may be accomplished 
through the ARPANET. The different uses and further back- 
ground material on the ARPANET are not contained in this 
paper. The specific procedures used to access the DECAIDS 
program on the ARPANET are contained in Appendices F and G. 
2. GETPARMS 
The EMYCIN program contains a routine, GETPARMS, 
Meme 15 used to declare all contexts, parameters, and rule 
groups. After logging onto the ARPANET and entering the 
merCIN executive file, EMYCIN.EXE, (as discussed in Appendix F) 
the procedures outlined in Appendix G are used to enter, 
edit, or delete parameters. 
The most frequently used parameter properties used 
mie DECAIDS are: TRANS, EXPECT, PROMPT, LABDATA, and 
REPROMPT, as discussed previously. The most important of 


these properties is PROMPT as it "prompts" the natural 


language question which will be asked of the user concerning 
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Meearticular parameter. The PROMPT should be written in 
Such a manner as to present a logical dialogue to the user. 
The LABDATA property is a system key which indicates that 
the appropriate value of a parameter must be obtained 
from the user. 

Pee Ge! RULES 

The GETRULES routine is used to declare system rules 
after the various parameters have been entered. These system 
rules are written to arrive at a final goal and thereby 
conclude the value of a parameter. Appendix G contains the 
Specific procedures to be followed when using GETRULES. 

Rules are entered in two parts, PREMISE and 
ACTION. Following the final parentheses in the ACTION 
Seause, the rule is checked for syntactic validity and an 
error message is returned if an error is detected. If the 
subject of the rule cannot be deduced, the user is asked to 
confirm the rule group. The proper response is "'Y'' (yes) 
Z£ the offered rulegroup is correct or the rule group is 
entered. 

There is a useful feature that may be used in con- 
Munmetion With either GETRULES or GETPARMS. If, during the 
course of entering rules or parameters, the user discovers 
the necessity of returning to the other routine, he may do 
memby typing "RULES" (in GETPARMS) or "PARAMETER" (in 
GETRULES). This facilitates writing a set of parameters 


and then calling GETRULES to declare the relevant rules. 


67 





The recommended format for entering rules is the 
INTERLISP syntax. A ''terse'’ English form is available but 
requires much more typing. Additionally, in preparing the 
rules via the INTERLISP syntax, the concept of writing a 
set of rules to produce backward-chaining (which drives the 
direction of a consultation) becomes more apparent. Most 
of the premise clauses will be calls to the predicate 
functions SAME, NOTSAME, or KNOWN. These can be written as: 

RULER LSE: terse meaning: 

(SAME CNTXT parm value) parm = value 

or 


(NOTSAME CNTXT parm value) parm # value 


The following example is from DECAIDS: 


feeMe CNIXT STRESS LOW) STRESS = LOW 


Similarly, the numeric predicates can be entered as: 


PNR ISP : 

See lenees (yall CNIXT parm) number) 

Terse meaning: 

parm value = number 
No numeric vredicate functions are currently used in DECAIDS. 

ACTION statements will contain functions that con- 
clude about one or more of the context-parameter-value 
Mriples. A certainty factor (cf) for the triple is specified 
in the rule's ACTION. This certainty factor will be modified 


by the certainty of the rule's PREMISE. The function "SAND" 
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sets the reserved word TALLY to the certainty of the 
PREMISE, defined to be the minimum of the values returned 
by evaluating the PREMISE clauses (only SAME and THOUGHTNOT 
return numbers). The conclusion may be written as: 


KeONCCUDE CNIXT parm value TALLY cf) 
parm = value (cf) 


The following example is from DECAIDS: 


MOOVGLUDE GNI XM? TYPSYS REAL-TIME TALLY 800) 

type system = real-time with a certainty of 0.8 
The certainty factors are actually written in the range 
-1000 to 1000. This range represents the -1 to 1 mentioned 
earlier. The system writer should use the numbers in the 
preceding range in a call to CONCLUDE or other ACTION 
minctions. 

The function DO-ALL is used to conclude about the 
Several parameters which comprise any multi-valued parameter, 
such as DECAIDS. Once a goal-parameter has been traced, 
the rule calling for PRINTCONCLUSIONS will be evaluated true 
and an output statement will be generated. (See rule 001 in 
Appendix A.) 

4. Declaring the Treeroot and the RULEGROUP Type 

Once it has been decided what the system objective is, 
the context tree is designed and filled in. It is necessary 
to make the following system declaration. From the EMYCIN. 
See (not GETPARMS or GETRULES) the "SET" command is used 
to define the context tree root in the following format: 
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Jere ( TREEROOT BOOECONtXt) 
-SETQ(ROOTTYPE (GETP 'rootcontext'TYPE)). 


An example of the procedure using a DECAIDS example follows: 


_SET(TREEROOT ORGANIZATION) 


moO ROOT TYPE (GET? *ORGANIZATION'TYPE)). 


fee | 6S «the EMYCIN.EXE prompt. Upper or lower case letters 
may be used to set the rootcontext name. This function 


Should be performed along with "SETting'"' the RULEGROUP: 
_SET(ruletype) 

Poe DECAIDS: 
_SET(ORGRULES) . 


The preceding examples contain capital letters because 
mottals were used throughout the DECAIDS program. 

In order to save items such as the treeroot and 
rulegroup declarations, it is necessary to edit the 
CHANGESCOMS files. This file is a list delineating what 
Should be stored on the CHANGES current program file. With 
the command "MF CHANGES," the editions, additions and 
deletions to GETPARMS and GETRULES are saved. However, the 
following procedure must be used to save the treeroot and 
meecroup. (The '' " is the EMYCIN prompt and the "*" is ihe 


INTERLISP prompt.) The following is an example from DECAIDS: 
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EV CHANGESSCOMS (This command edits the 
= variables that follow.) 


le wREEROOT) (''-1'' means insert the 
following before the first 
element in the list.) 

*SET(TREEROOT ORGANIZATION) 

*SETQ(ROOTTYPE (GETP ‘ORGANIZATION ' TYPE) ) 

*SET (ORGRULES) 

*OK (This exits the editor and 


the file must be saved with 
MF CHANGES. ) 


5. Saving Changes to Rules and Parameters and Deleting 


Changes 

Each update, addition, deletion, or edit to the 
System knowledge base is referred to as a CHANGE. Each CHANGE 
requires the complete recopying of the entire program. The 
command used to save these changes is "MF CHANGES." A new 
file is created when the user enters the system each time. 
This file is comprised of all previous information that has 
been entered plus the new entries to the knowledge base. 
Accordingly, there is no need to keep multiple copies of 
the previous CHANGES after creating a file of new CHANGES. 
These "told'' copies may be deleted by using the command, 
meel CHANGES.. (number to be deleted).'' If no number is 
Specified, the lowest number version (or oldest) will be 
deleted. (During the login procedures, the entire file 
Status is presented to the user. The CHANGES file will 
maaicate exactly what number the user currently has in use.) 


Occasional naming conflicts have occurred with the operating 
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systems, TENEX and TOPS-20, resulting in unwanted change 
deletions. It is therefore recommended that the user 
Maintain at least two or three changes as "insurance" 
against losing everything that has been entered. 
6. Loading CHANGES 
imeondch ete run a2 censultation, 1t iS necessary to 
concatenate the knowledge base with EMYCIN.EXE. This is done 
by the following command, '"LOADEM CHANGES." The file which 
is currently in use has this command included in the executive 
login procedures and therefore does not have to be entered by 
the user. 
7. Displaying Parameters 
The following PRINTPARMS command should be used to 
display all, or part of the parameters entered in the know- 


ledge base: 
'" PRINTPARMS(parm sort.by.group linelength file) 


where parms may be a list of parameters, a list of parameter 
groups, a single parameter group, or NIL meaning all param- 
mers, the term "sort.by.group" 18 T or NIL. T means that 
an alphabetical index is printed first, showing which group 
each parameter belongs in. NIL indicates that the parameters 
are listed in alphabetical order regardless of the group to 
which they belong. Linelength is the length of the line to 
be used, i.e., 72, 78, or 80 spaces. File is the name of 


the file in which to write the information. If T is used, 
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the parameters will be written to the terminal. The 
PRINTPARMS command may be used within the DRIBBLE command 
(which is explained in Section 9 of this chapter) to write 
the parameters into a separate file. An example of this 


Semmand follows: 
ei ARMo(NGe 1°72 71). 


8. Displaying Rules 
The procedure for displaying knowledge base rules is 


Similar to the PRINTPARMS command. The command is: 
_(PRINTRULES rules mode). 


ioernits command, rules is a list of rules, a rule group, 
and mode indicates how the rules are to be printed. Mode 


includes these options: 


On ie tne enous hy sade NPE RIS P 
= shjol le yoy dhatisial 
tiol. JGR IESy s 


Qa rr 14 bd 
\ 


ore jist thea ttonmewhitch permits inclusion 
of author's name, 


eceactineg a Fike in the EMYCIN.EXE 
In order to create a file of the knowledge base 


contents, the following sequence of commands is used: 





DRIBBLE ( filename) where the filename is of the user's 
- choice and DRIBBLE opens a type- 
script for the filename. 
_PRINTPARMS (or PRINTRULES) 


_DRIBBLE The last DRIBBLE command closes the file. 


mee RUnning a Consultation 
Appendix F contains the specific procedures that 
are required to run a consultation. This section contains 
supplementary information that is not found in that appendix. 
The following special options are available when 
5 


mmmins a consultation, "FT l, 2 ao eOnecarriace return 


Memon options).'' FT stands for fault trace. The numbers that 
follow FT indicate the level of the "trace'' desired with l 
being the lowest and 4 being the highest degree of fault, 

or rule, tracing. Fault trace 4 (FT4) will present each 

rule number as it is being sought, indicate that the 

FINDOUT routine 1S tracing the appropriate parameter, and 
complete with the FINISHED routine when a rule has been 
completely traced. Once the rule is evaluated as true, this 
is indicated by a message "RULE (#) SUCCEEDED." 

At the other end of the scale, FT 1 will show those 
rules which have succeeded and then display their ACTION 
eactements. 

The user can request the following special features 
by entering one or more of the following options with spaces 


and ending with a carriage return: 
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I - Pe@Mestouimstructitons to be printed. 


OLD - consider a previously-saved case (number(s) 
Will be requested). 


SAVE - create and save file(s) for cases discussed 
DimeciismecOmsultatilon., 


NOPR - do not print out old questions and answers 
When running old cases. 


SUMMARY - summarize old session data, rather than 
printing out each question and answer. 


UPDATE - update old session with new information 

eR - enter terse mode. 

TAB - tabular entry mode. 

TS - ViiremOlucdusny Pesechiptetile of consultation. 

N - (a number) reconsider previously saved case n 
QA - enter the question/answer module immediately 


Seipoime tne Consultation (Currently turned 
Coin nM Orn) S tneswterms ''case'’ and 
"patient" remain from the original EMYCIN 
system referring to a medical consultation. 


The following instructions are printed if the user 
responds 'Y'' when asked if instructions are desired: 


Please answer the following questions, terminating 
eaen response with RETURN (CR). To correct typing errors, 
se the DELETE key to delete characters, (ctrl)W to 
delete a word and (ctrl)L to delete the whole line. 

If you are not certain of your answer, you may modify 
the response by inserting a certainty factor (a number from 
1 to 10) in parentheses after your response. Absolute 
certainty (10) is assumed for every unmodified answer. It 
is likely that some of the following questions cannot be 
answered with certainty. You may change an answer to a 
previous question in two ways. If the program is waiting 
moma response from you {that is, has typed ‘'**"), enter 
CHANGE followed by the number(s) of the question(s) whose 
answers will be altered. You may also change a previous 


is 





answer at any time (even when the program is not waiting 
Hera response from you) by typing (ctrl)F (Fix), which 
Will cause the program to interrupt its compilation and 
ask what you want to change. If the response to (ctrl)F 
1S not immediate, try typing the RETURN key in addition.) 
Try to avoid going back because the process requires 
reconsidering the case from the beginning and therefore 
May be slow. Note that you may also enter UNK (for 
unknown). If you do not know the answer to a question, 
? 1£ you wish to see a more precise definition of the 
question or some examples of recognized responses, ?? 

if you want to see all recognized responses, the word 
RULE if you would like to see the decision rule which 
has generated the questions being asked, the word WHY 

if you would like to see a more detailed explanation of 
the question, or the letters QA if you would like to 
Mieerrupt the consultation in order to ask questions 
regarding the decision made so far in the consultation. 
If you are ever puzzled about what options are available 
to you during a consultation, enter the word HELP and a 
ioe Of Options Will be listed for you. 


Sample response (user input follows ''*%!'') 
Does the patient have a risk factor 
POtmecubcmed losis ? 
kk? 
One or more of the following are considered 
iciertactOns fOr lbw) srositive PPD (STU), 
RimenitisccoGmye OL Close Contact with a person 
having active TB, C) Household member with 
a past history of active TB, D) Chest x-ray 
Showing apical scarring, E) Granulomas 
seen on biopsy of any organ tissue. 
Expected responses are: YES NO 
Pmectunale for User OnLLONS - 
co YES 


SUMMARY : 
(Type ctrl-0 to abort printout) 
UNK - answer not known 


? - rephrases the question and gives examples 
of recognized responses 

2? - prints a list of all recognized responses 

RULE - prints the current decision rule 

QA - program enters question-answer mode 


CHANGE - go back and re-request answer to question 
number # performance. Your comments will be 
forwarded to those in charge of the MYCIN 
program, 

WHY - gives high-level explanation of the current 
reasoning chain that provoked this question. 

HOW # - explain HOW the system will achieve a goal 
referred to by number # in a previous explanation. 
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EXPLAIN - provides a more detailed explanation of a 
previous answer given by a WHY command. 
FORGET - resets the explanation of the reasoning 
chain back to the lowest level, as if you 
never used the WHY/EXPLAIN commands. 
STOP - halts the program, saving the current case 
on a disk file, retrievable at a later date. 
Hetee- pHincts this jist. [Scott, 1979]. 
Once the user has answered the system queries con- 
S-onine instructions and options, the consultation will 
begin. When a goal-parameter is found, the conclusion rule, 
currently called PRINTCONCLUSIONS, will be triggered and the 
consultation ended. An example consultation is contained 
Meeppendix C. Fault trace 4 (FT 4) was selected for this 
Sample consultation. 
meee LNTERLISP EDITOR 

Chapter Nine of the INTERLISP Reference Manual fully 
Meeeribes the editor used with the DECAIDS program [Teitelman, 
1974]. The editor is entered from the EMYCIN.EXE by typing 
Mer sand may be reached from GETPARMS or GETRULES in order 
to change parameters or rules. The following is a short 
list of the most often used editor commands: 

n - (n is a positive integer) move to the 

nth element of the list where the element 


1S a parenthetical expression. 


Pp - print the current expression, used with 
GE Rio wom. ob TRUEES. 


-n - move to the nth element from the end. 
(-n X) - insert X after the current element. 
BX - insert X before the current expression. 


- delete the current expression. 
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X en comeacc mre SCUrDeMmE expression with X, 


OK - ends editing. 


The "MF CHANGES" command is used to save all the editing which 
has been done. 
12. Miscellaneous DECAIDS Notes 

The following notes are included as information that 
applies to the DECAIDS program. 

The INTERLISP compiler compiles upper and lower case 
letters differently. Either may be used to fill a knowledge 
base. For example, "DECAIDS" will compile differently than 
"decaids" and subsequent use in rules will result in an error 
message stating that there are not rules to conclude one or 
the other. Because of this problem, DECAIDS was entered on 
the machine in all capital letters. 

The system permits a consultation user to respond 
With "unknown" to a request for information which is not 
known to the user. This "UNK'" means that the certainty factor 
for the rule should be set to less than .2, the system's 
arbitrary limit for acceptable knowledge about a parameter. 
Therefore, if the system writer desires to provide some other 
certainty factor about an unknown condition, he must offer a 
Substitute response for "UNK'" in the expect values. 
"NOTAVAILABLE' was the choice used in DECAIDS. 

Rule 035 is the print statement for the goal- 
parameter UNKSTRUC. If UNKSTRUC was not known, then a 


recommendation was made about the informal organization 
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structure to be recommended. If UNKSTRUC was known, no 
output was necessary. To "turn off" the output, even though 
UNKSTRUC had been traced, the HEADER in the PRINTCONCLUSIONS 
meumetion (Appendix E) was left at NIL. 

In rule 034, a parameter in the rule PREMISE is also 
used in the ACTION. In the parameter's USED-BY property (a 
ereem property not used by the designer) the note 
SREFMARK 34 appears. This means that the parameter is in 
the PREMISE and ACTION of rule 034 and is a system flag to 
prevent various search and circularity problems. 

The parameter property REPROMPT is used to locate 
the text presented to the consultation user if and when he 
Meponds With a "'?" for an expected parameter value. The 
System designer includes further explanation of expected 
Values or the parameter definition in the REPROMPT. 

The "'WHY' response to a question rather than an 
allowed expected value produces an explanation of the 
Serrent reasoning chain that provoked the current question. 
mor the "WHY" question to work, the system writer must 
previously have used the LISP SET command to set the value 
of FINDBESTPARM. This value is used to an EMYCIN to provide 
ext tO explain the reasoning chain. 

If intermediate values are desired to be known, 
not necessarily those of the goal-parameters, the system 
Meater need only write a rule to "PRINTCONCLUSION" for 


that parameter. 


VS 





Vie fee CONelLUS TON 


It was the purpose of this thesis to demonstrate the 
implementation of a particular domain of information with 
the Artificial Intelligence system known as EMYCIN. The 
demonstration illustrates that even semi-structured and 
subjective domains can be studied using AI technology. 

The domain chosen for this paper was that of managerial 
M@eeisiOn aiding. This particular subject contains many 
intuitive thought processes. The uncertainties and impre- 
ciseness of intuition lends itself to one of the goals of 
Artificial Intelligence which is the capability of producing 
relevant, acceptable assertions in the light of incomplete 
and uncertain information. 

Recommendations are offered concerning possible exten- 
Sion of the current, single context knowledge base to a 
multiple context tree. Also, the motivations for further Al 
work are established and a summary of the research conducted 
and accomplishments are presented. The motivations mentioned 
represent the current interest for continuing Artificial 


Intelligence research and development. 


Pee EXTENDING THE DECAIDS CONTEXT TREE 

The current domain of information is described by a 
Single context and related parameters. It 1S intended to 
be a prototype domain for a decision aiding support system 


and an example of how to structure a knowledge base. It is 
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expected that the knowledge base will be extended to include 
a more complex context tree supporting a far more thorough 
treatise of the decision aiding support process. The 
following information is directed toward the individual who 
will extend the current knowledge base. 

Prior to doing any coding or entering of any rules or 
parameters, it is strongly advised (cf 1.0) that the system 
goal(s) be explicitly defined. This means not only deciding 
that the system is to provide some form of advice but, more 
S@eecitically, to write out the natural (1.e., English) 
language questions which will be used to trace parameter 
values. Entering rules and parameters into the DECAIDS 
knowledge baSe is not unlike any other high-level-language 
coding where a flowchart of operations and data manipulation 
are appropriate. A system designer is reminded that the 
primary emphasis for extending a knowledge base 1s a con- 
Sistent line of questions to be asked in order to trace 
parameter values. Eliminating or ignoring the requirement 
to specify the questions to be asked can only lead to 
@ontusion. 

When to define a context or multiple contexts may present 
the system designer with some confusion. It is recommended 
that the designer review the notes on backward-chaining and 
the concept of inferences. This information (Chapter VII) 
Will provide the necessary background for constructing 
rules which terminate in the determination of values for 


parameters. 
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Pest Often 42 Single context will suffice for a small to 
medium size knowledge base. However, to fully describe the 
Management decision aiding characteristics about some subject 
(i.e., electronic warfare, major procurement systems, etc.) 
may require a more complete context tree. The subjects 
that become contexts are those that cover areas of informa- 
tion which will always, or nearly always, be used to define 
the Value of the root, goal-parameters, The infectious blood 
disease domain of MYCIN, for example, is described by the 


Eoulewing contexts: 


PAE Na, 
CULTURE 
ORGANISM 


Each of these contexts has multiple parameters leading to 
the goal-parameter(s) values. The management domain might 


include contexts such as: 
DECISION 
TECHNOLOGY ENV LRONMENT TASK 5 RUC URE 


ADMINISTRATIVE TACTICAL 
or: 


DEG LSoLON 


SO 
ELECTRONIC WARFARE ASW ATRBORNE 
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The selection of contexts is strictly the systems designer's 
choice. The system is best kept as uncomplicated as the 
Subject will permit. Rules and parameters will be grouped 
by the RULEGROUP and PROPGROUP properties, respectively, 
and selected by the rule interpreter/monitor for use in the 
program. The designer's responsibility is to design a logical 
set of backward-chaining rules, to define all rules and 


Memameters, and to structure the context tree. 


Peek LFICIAL INTELLIGENCE MOTIVATIONS 

The following example and the motivation descriptions 
for Al work are offered to stimulate further developments 
in the field. 

Artificial Intelligence programs may be described as 
containing powerful search algorithms (control strategies) 
operating upon data. bases in order to efficiently produce 
relevant logical inferences. This description mentions 
algorithms, necessary to all computer work, and the use of 
data but the energy required to accurately represent data in 
a ''real world" manner must also be emphasized [Sacerdoti, 
1979]. Thus the two key issues in AI work are control and 
data representation. 

Representation and control become important when going 
beyond toy syStems and proceeding into more useful programs. 
A chess game is used aS an example. The game can be 
described as the use of a database consisting of a number 


of legal moves. This description may describe the game but 
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does not tell one how to build a better chess program or how 
to play better chess. 

Therefore, two major motivations are established for 
Artificial Intelligence work. First, analogous to building 
a better chess program, there is the engineering motivation 
to make computers more useful by making them "smarter" -- 
endowing them with common sense, giving them access to a 
full sensory world, and enabling them to understand humans 
on the human's terms. Secondly, analogous to playing better 
chess, there is the scientific motivation to study the 
nature of knowledge and the mechanisms of intelligent 
behavior independent of their embodiment in man or machine. 
As with any computing device or concept, Artificial Intelli- 
gence work is designed to extend man's capabilities permitting 


him to perform more and, hopefully, better accomplishments. 


fee LUDDY AREAS 

Of the time expended to complete this thesis, the major 
portion (approximately three and one half months) was occu- 
pied by learning the EMYCIN system and the supportive concepts 
mae programs. This included a study of predicate calculus 
as it applies to Artificial Intelligence, the study of pro- 
duction rules, the use of backward-chaining in a goal-seeking 
System, an overview of the LISP programming language and its 
functions, and the use of the ARPANET system which permitted 
the transfer of the EMYCIN file from Stanford University 


momene University of Southern California. The transfer of 
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@@eettle, and the resulting, successful portability was 
facilitated by both schools using DEC-1090 computers with 

the TOPS-20 operating system. Additionally, familiarity 

with user features of the TENEX operating system, the HERMES 
automatic message handling system, the Experimental Editor 
(XED), and debugging procedures used with the INTERLISP 
programming language were also required to complete this 

emesis. Continued work in Al, in particular the DECAIDS program 
using the ARPANET, will require a review of the areas of study 
listed. 

In order to successfully complete an AI project, such as 
DECAIDS, additional time must be scheduled for deriving the 
data to be used in a knowledge base. Coincident to the 
previous list of study areas was the effort required to collect 
the required expert knowledge. The modeling of a management 
system required approximately one and one half month's time. 
The management modeling process continued into what was 
informally referred to as the use of the EMYCIN "production 
rule language." 

The lack of user oriented documentation concerning the 
use of the EMYCIN production rule language caused some delays 
in completing the knowledge base and producing a running 
program. While an "EMYCIN.DOC" documentation file has been 
prepared by the Stanford AI group, it has been written more 
as a set of very complete notes for the Stanford group 
rather than as a set of user oriented instructions. Problems 


in getting the DECAIDS program on-line were resolved by 
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ARPANET messages, telephone calls, and personal visits to 
the Stanford group and by reference to the INTERLISP 
made, iniS interaction between NPS and Stanford did assist 
the efforts of the AI people at Stanford in extending the 
Meer information contained in the documentation for EMYCIN. 
Acknowledgement for a vast amount of information and 
Selfless assistance in sharing her knowledge of production 
mbes and their application to AI is given to Miss Carlisle 
Seget Of the Stanford University Computer Science Department. 
Recognition is also given to Dr. E. Fiegenbaum (Chairman of 
the Computer Science Department at Stanford University) for 
his assistance, and to Dr. Nils J. Nilsson (Stanford Research 
Miternational, Menlo Park, California) for permission to 
use material from his forthcoming book, Artificial Intelligence -- 


A Framework. 
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APPENDIX A 
DEG Doe PRODUCTION RULES 


RULEOOL 


—— a a ee aes ere 


CThis rule is definitionals arrlies to ORGANIZATION: and is tried 
when information 15 received about THE DECISION) 


If? An attemrt has heen made to deduce THE DECISION 
Then: fliseleay THE DECISION 


feeiiioe. (SANT CONCEKRNOWN CNTXT DECAINS 1T)) 
eeeeonms (PRINTCONCLUSIONS CNTXT GECAINS 1) 


CORGRULES/antecedent J 


RULEOQO2 
imme rule errlizs to ORGANIZATION: and is tried in order to find out 
about THE DecISIOQNd 


feet) TRE TYPE OF SYSTEM RECOMMENDED TO BE USEI is knowris 
2) THETYFE OF CUTFUT fiEVICE TO BE USED is knowns 
3) THE RECOMMENDED INSTALLATION TO KE USE is knowns and 
4) THE RECOMMENTIED TRAINING OR ASSISTANCE TO RE ACQUIREDE is 
known 
Ther: It 1s definite (1.0) that the followings is ome of THE 
HEETSION. USE THE FOLLGWING TYFE SYSTEM «<tyresys> THE 
OUTPUT SHOULD BE TISFLAYED ON “outeuts THE MANNER OF 
INSTALLATION SHOULT BE “installs ANT) THE RECOMMENIIATION 
FOR TRAINING AND ASSISTANCE IS <treo . 


PREMISE. (SAND (KNOWN CNTXT TYPFSYS) 
CNOWNSENTXT CUTrUT >) 
(KNOWN CNTXT INSTALL) 
CRNOWN CNTXT TRG)? 
peON. (CONCLUDE TEXT CNTXT DECAINS (TEXT NIL 
US SwideerwecOWING TYE SYSTEM 
CVA te GNTAT Tir ora? 


Pie ie SHOU KE DLISRLAYEL ON 
(VALI CNTXT QUTFUT) 


“THE MANNER OF INSTALLATION SHOULI KE* 
(Yat CNTAT INSTALL) 


"AND THE RECOMMENDATION FOR TRAINING ANID ASSISTANCE [S°* 
(VAL1 CNTXT TRG) 


aa See, 


TALLY 1000) 


ov 





RULEOQOS 


-—— et ee ee en en ow 


CThis rule applies to ORGANIZATION» and is tried im order to find out 
eoout fie TYEE GF SYSTEM RECOMMENDED TO BE USED,» THETYFE OF 
OCUTFUT DEVICE TO BE USED,» THE RECOMMENDED INSTALLATION TO SEE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If; THE ORGANIZATION’S STRUCTURE is centralized 
Then: 1) There is stronsly susgestive evidence (.8) that THE TYFE 
OF SYSTEM RECOMMENDED TO BRE USED is real-time, 
2) There is strongly susgsestive evidence (.98) that THETYFE 
OF OUTFUT DEVICE TO BE USED is individusal-terminals: 
3) There 1s strondly suddestive evidence (.8) that THE 
RECOMMENDED INSTALLATION TO KE USED is feyramidels and 
4) There 1s stronmsly suddestive evidence ¢.83) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 16 doa- 
not-hire-srecialists 


PREMISE, (SAND (SAME CNTXT INFORMAL CENTRALIZED) ) 
eee. (hO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800) 
(CONCLUDE CNTXT QUTFUT INDIVITUAL-TERMINALS TALLY 
800) 
(CONCLUDE CNTXT INSTALL FYRAMITIAL TALLY 800) 


VOC NCEE ME Chia TkGeeOU-NOT—-hIKE-SPECIALISTS TALLY 
800) ) 


CORGRULES J 


RULEOQO4 


> ee eee ee et oo ow 


CThis rule aprlies to GRGANIZATIONs and is tried in order to find aut, 
about THE TYFE OF SYSTEM RECOMMENDED TO BE USED, THETYFE OF 
OUTFUT DEVICE TO BE USED,» THE RECOMMENDED INSTALLATION TO RE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO HE ACQUIRED 


meee (He LEANER’S LEVEL OF TRAINING is skilled 
Ther: 1) There is stronsly sudstestive evidence (.8) that THE TYFE 
GF SYSTEM RECGMMENDED TO BE USE is real-time, 
2) Hire-srecialists,r 
53) There 1s stronadly suddestive evidence (¢(.8) that THETYFE 
Cao UlelevViGm TO ehe USENVis amdivicgual—-termirials : 
4) There 16 stronmsly sugdestive evidence (¢(.8) that THE 
RECOMMENDED INSTALLATION TO BE USEI! is eyramidal, aii 
9) There is stronsly suggestive evidence (¢(.8) that THE 


RECOMMENDED TRAINING GR ASSISTANCE TO BE ACQUIRED is do- 
not-hire-srecialists 


Srenitoe. (SAND (Same CNTXT LEADER-TRAINING SKILLED) >) 
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800) 
Heike SFECTALISTS 
CCGHEECNESENTAT OUTPUT INDIVIBUAL-TERMINALS TALLY 
800) 
(CONCLUNE CNTXT INSTALL FYRAMIDAL TALLY 800) 
CEGNeE UE ENG Sik HOSNOT-HIRE-SFECIALISTS TALLY 
800) ) 


CORGRULESI 
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RULEOOS 


CThis rule arrelies to ORGANIZATION: amd is tried im order to fimd ont 
about THE TYFE OF SYSTEM RECOMMENDED TO BE USEDI!> THETYFE OF 
OUTFUT DEVICE TO BE USEDy THE RECOMMENTIED INSTALLATION TO BE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


Peete LEADER’S LEVEL OF TRAINING is known 
Then: 1) There is sussestive eviderice (.35) that THE TYPE OF SYSTEM 
RECOMMENTIED TO BE USE 15s real-timeys 
2) There is suggestive evidence (¢(.5) that THETYFE OF OUTFUT 
DEVICE TO BE USED is individuael-terminals, 
3) There is sussestive evidence (,.9) that THE RECOMMENTIELD 
INSTALLATION TO GE USED is unaveailabler and 
4) There is suggestive evidence (.6) that THE RECOMMENDED 
TRAINING OR ASSISTANCE TO BE ACQUIRED is hire-srecialists 


PREMISE: (SAND CKNOWN CNTXT LEATER-TRAINING UNSKILLED) ) 
feemeeine CHO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALILY S00) 
CGUNEGCUUE Chin teOUTEUT TRO EVIBWAL-TERMINALS TALLY 
2OO? 
(CONCLUDE CNTXT INSTALL UNAVAILABLE TALLY S00) 
(CONCLUDE CNTXT TRG HIRE-SFECIALISTS TALLY 600)) 


CORGRULES J 


RULEOOS 

CThis rule @erelies to ORGANIZATION> and is tried im order to find out 
about THE TYFE OF SYSTEM RECOMMENTIED TO BRE USEItr THETYFE OF 
OUTFUT DEVICE TO SE USED» THE RECOMMENDED INSTALLATION TO KE 
USED or THE RECOMMENTITED TRAINING OK ASSISTANCE TO BE ACQUIRED 


Ifs THE STAFF’S LEVEL OF TECHNICAL TRAINING is knowr 
Then: 1) There is sugdsestive eviderce ¢(.5) that THE TYPE OF SYSTEM 
RECOMMENDED TO BE USED is real-time, 
2) There 1s suggestive evidence (.3) that THETYFE OF OUTFUT 
DEVICE TO BE USED is imdividual-terminals, 
3) There is strongly sussaestive evidence (.8) that THE 
RECOMMENDED INSTALLATION TO BE USED is feyramidals and 
4) There is Stromsly sussdestive evidence (.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is do- 
not-hire-srecialists 


PREMISE: (AND (RNOWN CNTXT STFFTRG SKILLED) ) 
Perens CHO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 300) 
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY 
200) 
(CONCLUDE CNTXT INSTALL PYRAMITAL TALLY 800) 
CEOVGAUEE  ENTXR THG DO-NOT-HIRE-SFPECTALISTS TALLY 
8O00)) 


BORGRULESI 
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RULEOO?7 


— any owe ee ee ee oe 


CThis risle sgerlies to ORGANIZATION: and is tried in order to find aut 
about THE TYFE OF SYSTEM RECOMMENDED TO BE USEIt»y THETYFPE OF 
OUTFUT DEVICE TO KE USEL'rs THE RECOMMENDED INSTALLATION TO KE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If: THE STAFF’S LEVEL OF TECHNICAL TRAINING is unskilled 
Then: 1) There is stromsly sussestive evidence (.93) that THE TYFE 
OF SYSTEM RECOMMENDED TO KE USED 1s real-time» 
2) There is stronsly stusdgestive evidence ¢(.8) that THETYFE 
OF OQUTFUT DEVICE TO BE USED is individual-terminals, 
3) There is stromSly sussestive evidence ¢(.8) that THE 
RECOMMENDED INSTALLATION TO GE USEI 15 divisional, ane 
4) There 1s stronmaly suggestive evidence ¢(.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is nire- 
SrPecislists 


Serio, (SANK (SAHE CNTXT STFFTRG UNSKILLED) ) 
seeegon. (UG-ALL (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 800) | 
CCONERUDEC CONTA) GCUTFPUT INDTUYUEIUAL-TERMINALS TALLY 
800) 
(CONECLUDE CNIXT INSTALL HIVISIGNAL TALLY 800) 
GCEONEC SURES Cie  TkG HIRESSFECTALISTS TALLY 800)) 


CORGRULESI 


RULEOOS 


— ee ee oe eee oe 


CThis rule arerplies to ORGANIZATION» and is tried in order to find out 
Sametime tito Or SiTotTeM RECOMMENIER TO EE USEIts THETYFE OF 
OUTFUT DEVICE TO BE USEIts THE RECOMMENDED INSTALLATION TO ke 
USET or THE RECOMMENDED TRAINING OR ASSISTANCE TO BRE ACQUIRED] 


Beeeenis LEVEL OF THE TASK’S STRESS is high 
Then: 1) There is strondly sussestive evidence (.8) that THE TYFE 
OF SYSTEM RECOMMENTIIED TO BE USE is real-times 
~) There 1s stronsdly susdestive evidence (.3) that THETYFE 
OF OQUTFUT DEVICE TC RE USE is individual-terminals,. 
3) There 15 stromaly sudsestive evidence (¢.8) that THE 
RECOMMENDED INSTALLATION TO BE USED 1s Pyramidals anes 
4) There 15 strongly sussdestive evidence (.8) that THE 
RECUMMENTED TRADNING OR ASSISTANCE TO BE ACQUIRED is sa- 
not-hire-srecialists 


Beeiioh: GSANT! (SAME CNTXT STRESS HIGH) ) 
Serruin; (HO=ALL (CONCLUDE CNIXT TYPSYS REAL-TIME TALLY 800) 
CEGMERUTESENI XT OUTEUT INKIYIRUAL-TERMINALS TALLY 
800) 
(CONCLUDE CNITXT INSTALL FPYRAMITIAL TALLY 800) 
CEONCPUDeecri TRG NU-NOT-HIKE-SFECIALISTS TALLY 


B00)? 


BERGRULESI 
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RULEOO9? 

EThis rule sprlies to ORGANIZATION: and is tried in order to find out 
about THE TYFE OF SYSTEM RECOMMENDED TO BE USEIt»s THETYFE OF 
OUTFUT DEVICE TO BE USEDI’y THE RECOMMENDELT INSTALLATION TO SE 
USED or THE RECOMMENTIIED TRAINING OR ASSISTANCE TO KBE ACQUIRETI 


If: THE LEVEL OF THE TASK’S STRESS is low 
Them: 1) There is susdestive evidence (.5) that THE TYPE OF SYSTEM 
RECOMMENDED TO RE USEI! is real-timer 
2) There 16 suggestive evidence (.5) that THETYPE OF OUTFUT 
DEVICE TO BE USELI is imdividual-terminals,s 
3) There 1s suggestive evidence (.9) that THE RECOMNMENTETD 
INSTALLATION TO BE USED is divisionmal:, and 
4) There 185 susdestive evidence (.3) that THE RECOMMENTIEL 
TRAINING OR ASSISTANCE TO BE ACQUIRED is do-not-hire- 
SrPecialists 


Peerlok. ($ANT (SAME CNIXT STRESS LOW)) 
emrom. CUO-ALL (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 500) 
(CONCLUDE CNTXT OUTFUT INDIIVIDUAL-TERMINALS TALLY 
700) 
(CONCLUNE CNTXT INSTALL [PIVISIONAL TALLY S00) 
(GONG EUIE SGT Al SENG HOSNOTSHIRE=SPECTALISTS TALLY 
300)) 


CORGRULESI 


RULEO13 

[Tris rtitle aprplies to ORGANIZATION, and is tried in order to find out 
sdbout THE TYFE OF SYSTEM RECOMMENTEL TO HE USEIty THETYFE OF 
OUTFUT [DEVICE TO BE USEI'ts THE RECOMMENTIED INSTALLATION TO BE 
USED or THE RECOMMENTIED TRAINING OR ASSISTANCE TO BE ACQUIREDI 


If; THE TASK DEFINITION is clearly-defined 
Then: 1) There 1s stronmsly sussestive evidence (.8) that THE TYFE 
Sees olen RECeMmMENIEn 10 BE USEN 1s real-time, 
2) There is stronsly sussdestive evidence (.8) that THETYFE 
OF OUTFUT DEVICE TO BE USEI is individual-terminals,» 
3) There is stronsly sudsdestive evidence (.8) that THE 
RECOMMENTIIED INSTALLATION TO BE USED 16 FYyramidals ariss 
4) There is strongly susidestive evidence ¢.8) that THE 
RECOMMENTIED TRAINING OR ASSISTANCE TO BE ACQUIRED iss do- 
not-hire-srecialists 


Peemttoes SAND (SAME CNIXT FROEIIEF CLEARLY-DEFINED) ) 
meeewiee = CHO-ALL (CONCLUDE CNEXT TYFSYS REAL-TIME TALLY 800> 
CEGNCeUIE SENT XR CUTFUT INDITYVINUAL-TERMINALS [ALLY 
800) 
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800) 
SCO Me eUMeeGive Xt EixG NO-NOT-HIRE-SPECIALISTS FALLY 


B00) ) 


CORGRULESJ 
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RULEO1L4 
CThis rule arrlies to ORGANIZATION» and is tried in order to find out 
about THE TYFE OF SYSTEM RECOMMENLEN TO RE USEIIs THETYFE OF 
OQUTFUT DEVICE TO BE USEI'try THE RECOMMENTIED INSTALLATION TO BE 
USEXD or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 
If: THE TASK EFINITION 15 ambisuous 
mien 1) here is sussdestive evidence (.35) that THE TYPE OF SYSTEM 
RECOMMENIIED TO BE USED is real-time, 
2) There is suggestive evidence (.3) that THETYPE OF OUTFUT 
QEVICE TO BE USED is individual-terminalsy 
3) There is sussgestive evidence (.35) that THE RECOMMENDED 
INSTALLATION TO BE USED is divisional, and 
4) There is sussestive evidence (.3) that THE RECOMMENTDEDR 
TRAINING OR ASSISTANCE TO BE ACQUIRED is do-mot-hire- 
specialists 


PREMISE: ($ANID (SAME CNIXT FROGIEF AMBIGUOUS) > 
eee, (lO—-all (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 3500) 
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY 
OO) 
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 5300) 
CeOnNGLUGew ON iw tno NO-NOT-HIRE-SPECIALISTS TALLY 
200) ) 


BORGRULES J 


POLE OLS 

EThis rule arrlies to ORGANIZATION» ane is tried in order to find out 
sbout THE TYPE OF SYSTEM RECOMMENDED TO BE USEDIIs THETYFE QF 
OUTFUT REVICE Tu BE USED, THE RECOMMENTIEIR INSTALLATION TO EE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If; THE ORGANIZATION’S STRUCTURE 15 centralized 
Ther: 1) There is strongly susdstestive evidence (¢(.8) that THE TYFE 
OF SYSTEM RECOMMENNIED TO BE USED 15 real-timer 
2) There is strongly susddestive evidence (.8) that THETYFE 
OF OUTPUT DEVICE TO BE USED is individual-terminmals, 
3) There is stronsly susdestive evidence (,8) that THE 
RECOMMENDED INSTALLATION TG RE USE is fwyramidals, and 
4) There is stromaly sussestive evidence (.8) that THE 
RECOMMENIIED TRAINING OR ASSISTANCE TO BE ACQUIRED is do- 
mot-hire-srecialists 


BREnISE:; (SAND (SAME CNTXT INFORMAL CENTRALIZED) ) 
aes NO-ALE (CONCLUDE CNIX?T TYFSYS KEAL-TIME TALLY 600) 
COOMGRUNEmGNix GUTFUT INNIVINUAL-TERMINALS TALLY 
800) 
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800) 
CCOMEBUHIE NT XT TRG BO-NOT=RHIRE-SFECITALISTS TALLY 


B00) ) 


CORGRULESI 
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RULEO18 


CThis rule arrlies to ORGANIZATION, and is tried im order to find out 
sbout THE TYFE OF SYSTEM RECOMMENTIED TO BE USELTiy THETYFE OF 
OUTFUT DEVICE TO BE USET!ts THE RECOMMENDED INSTALLATION TO BE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED) 


If: THE ORGANIZATION*’S STRUCTURE 15 consultative 


Then: 1) There is stromasly sugsestive evidence (.8) that THE TYFE 

OF SYSTEM RECOMMENTIED TO BRE USED is real-timey 

2) There 1S stromslyu sussgestive evidence ¢(,.8) that THETYFE 
CEeOUte or eee VICE WO Re USE 15 individual—-terminals, 

3) There 15 stronely sussestive evidence (¢(.8) thet THE 
RECOMMENRED INSTALLATION JO BE USED is divisional, eri 

4) There 15 sussestive evidence ¢(.5) that THE RECOMMENDED 
TRAINING OR ASSISTANCE TO BE ACQUIRED is do-not-hire- 
srecialists 


Beni ose. (SGNIl (SAME CNIXT INFORMAL CONSULTATIVE) > 
Seeergins CUO-ALL (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 800} 
CCONSeune eNIxAT UUTPUR INUIT VINURL-TERMINALS TALLY 
800) 
(CONCLUDE CNTXT INSTALL DEVISTONAL TALLY 800) 
CeO Neate SCN ies hoe NO-NO T-HIRE-SFECIALISTS TALL. ¢ 
290)) 


BORGRULES J 


RUCEOL? 


—p ew ewe ee oe ee oe 


CThis rule arprelies to ORGANIZATION, and is tried im order to find out 
aoout THE TYFE OF SYSTEM RECOMMNENIED TO BE USEIe THETYFE OF 
Gunrpul DEVICE TO BE USED: THE RECOMMENDED INSTALLATION [TQ RE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED) 


If: THE ORGANIZATION’S STRUCTURE is Fartially-delegated 
Them: 1) There 1s stronesly sussdestive evidence (.3) that THE Trt 
OF SYSTEM RECOMMENTED TO BE USED is real-timer 
2) There 1S stromsly suadsestive evidence (.8) that THETYeE 
OF OUTFUT DEVICE TO BE USED is inmdividual-terminals-. 
3) There 15 stronmsly suestestive evidence (.8) that THE 
RECOMMENDED INSTALLATION TO BE USED 16 divisional: atid 
4) There 1S sussestive evidence (.35) that THE RECOMMENTE!! 
TRAINING OR ASSISTANCE TO BE ACQUIRED is hire-srecialists 


PROMISE: ($AND (SAME CRTXT INFORMAL PARTIALLY-DELEGATED) ) 
Seto lO sate (CONCLUNE ENTXT TYFSYS REAL-TIME TALLY 800) 
CCOVCEUUe seri xd OUTFUR INDIVIDUAL-TERMINALS TALLY 
800) 
(CONCLUDE CNTXT INSTALL DIVISTONAL TALLY 800) 
CCONCEUNE CHITxXT TRG HIRE-SFECIALISTS TALLY 300)) 


BORGRULESI 
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RULEO1LS 

mois rile arrlies to ORGANIZATION: and is tried in order to find out 
about THE TYPE OF SYSTEM RECOMMENDED TO BE USEI's THETYFE OF 
OUTPUT DEVICE TO BE USED, THE RECOMMENDED INSTALLATION TO KE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRE] 


If: THE ORGANIZATION’S STRUCTURE is line 
feenmee 1) There 1s suddestive evidence (.53) that THE TYFE OF SYSTEM 
RECOMMENDED TO BE USEI 1s real-timey 
2) There is suddestive evidence (.35) that THETYPE OF OUTFUT 
DEVICE TO BE USED 15 individual-terminalsy 
3) There is sussestive evidence (.5) that THE RECOMMENDED 
INSTALLATION TO BE USED is fFyramidal: and 
De neem sesMasest ayo usvimerce €.5) that THE RECOMNMENTER 
TRAINING OR ASSISTANCE TO BE ACQUIRED 15 hire-srecisalists 


Beetiboes <€SAN (SAME CNTXT FORMAL LINE) >) 
een. (NO—ALL (CONCLURE CNIXT TYFSYS REAL-TIME TALLY 300) 
CEGNGEU UE Ci peu iEUr hNGLVINUAL-TERMINALS TALLY 
300 ) 
(EGRCEUUE FENTxT ENSTALL FYRKANMINAL TALLY 300) 
CCURCRUNE wer ~) ThG OHIRE-SPECTALISTS TALLY S00)> 


BRRORULES J 


SIEEOL? 


CThis rule agrrlies to ORGANIZATION, and is tried im order to find ont 
about THE TYFE OF SYSTEM RECOMMENDED TO BE USED: THETYFE OF 
OUTFUT DEVICE TO BE USED, THE RECOMMENDED INSTALLATION TO EE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


Piet ORGANIZATION’S STRUCTURE is THE FORMAL COMPOSITION OF THE 
ORGANIZATION’S STRUCTURE 
Then: 1) There is strongly susdestive evidence (.8) that THE TYFE 
OF SYSTEM RECOMMENTIED TO BE USET is real-timeyr 
2) There is stronsly susgsestive evidence (.8) that THETYFE 
OF OUTPUT DEVICE TO BRE USED is anmdividual-terminals, 
3) There is strongly sugdestive evidence (.8) that THE 
RECOMMENLIIED INSTALLATION TO KBE USED is eyramidal,y aiid 
4) There is strondly sudadestive evidence ¢(.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 1s do- 
not-hire-srecialists 


BineMmlSE: ($AND (SAME CNTXT FORMAL STAFF) > 
ero. (lUO-ALL CCONCLUIIE EGNIXT TYrPSYS REAL-TIME TALLY 800) 
COGNESULIE TCONTXT OUTPUT INDIYVERBUAL-TERMINALS TALLY 
BOO) 
(CONCLUDE CNTXT INSTALL FYRAMITIAL TALLY 800) 
(COVE eUte ONIX TKKG HO-NOT=HIKE-SPECIALISTS TALLY 
BOO) ) 


CORGRULES) 
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RULEOQ22 

CThis rule arrlies to ORGANIZATIONs and is tried im order to find out 
about THE TYFE OF SYSTEM RECOMMENDED TO BE USELIls THETYFE OF 
OUTFUT TEVICE TO BE USEItr THE RECOMMENTIIEDR INSTALLATION TO BE 
USED or THE RECOMMENTIED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If: THE ORGANIZATION‘’S STRUCTURE 15 decentralized 
Then: 1) There 18 strongly sudsestive evidence (.8) that THE TYFE 
OF SYSTEM RECOMMENDED TO RE USEI! is real-time, 
2) There is strongly susasestive evidence (.8) that THETYFE 
OF OUTFUT DEVICE TO BE USED is individual~terminals», 
3) There 15 stromsly sissdestive evidence (.8) that THE 
RECOMMENDED INSTALLATION [TO SE USED is divisional: and 
4) There 18s stronsly sussestive evidence (.8) that THE 
RECOMHENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 1s hrire- 
srecialists 


FREMISE: ($ANI (SAME CNTXT INFORMAL DECENTRALIZED!) >) 
Semerems CHO-ALL (CONCLUDE CNTXY TYFPSYS REAL-TIME TALLY 900) 
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY 
800 > 
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800) 
CSENCEiE ewe Ni Arnott ReE—SEECIALISTS TALLY 800) > 


CORGRULES J 


RULEO23 

CThis rule arrlies to ORGANIZATIONs and is tried in order to find out 
about THE TYPE OF SYSTEM RECOMMENDED TO BE USED, THETYFE OF 
OUTTUT DEVICE TG BE USED, THE RECOMMENDED INSTALLATION TO LE 
USEI' or THE RECOMMENTIIED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If; THE LEANER’S STYLE OF OFERATION is task-oriented 
Then; 1) There is strondly suddgestive evidence (.8) that THE TYFE 
OF eororeh RECOMNMENTEN 10 RE USE vs real-time, 
2) There 1s strondadly suggestive evidence (.8) that THETYFE 
OF OUTFUT DEVICE TO RE USE is individuael-terminals,» 
3) There is stromsgly sudsestive evidence (.83) that THE 
RECOMMENTIIER INSTALLATION TO KE USED 15 Fyramidals are 
4) There is sudsestive evidence (.5) that THE RECOMMENDED 
TRAINING OR ASSISTANCE TO RE ACQUIRED is unavailable 


Beemioe: C(tANE (SAME CNIXT STYLE TASK-ORIENTED > > 
aeons (NO=-ALL (CONECLUBE CNITXT TYPSYS REAL-TIME TALLY 800) 
(COVSEURE SCNT XAT QGUTFUT INBIVYVINUAL-TERMINALS TALLY 
BOO) 
CEORNERUTE VENT <I INSTALL PYRAMIDAL TALLY 800) 
(CONCLUDE CNTXT TRG UNAVATLABLE TALLY 300) ) 


CORGRULESI 
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RULEO24 


CThis rule arperlies to ORGANIZATION: and is tried in order to find out 
about THE TYPE OF SYSTEM RECOMMENDED TO KE USED, THETYFE OF 
OUTFUT DEVICE TO BE USELIls THE RECOMMENDED INSTALLATION TO BE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If; THE INDIVIDUAL’S TECHNICAL TRAINING IN DECISION ANALYSIS is 
hish : 
Therns 1) There is stronsly susgsestive evidence (.8) that THE TYFE 
OF SYSTEM RECOMMENDED TO BE USED is real-time, 
2) There 1s stronsly sugsestive evidence (.8) that THETYFE 
OF OUTPUT REVICE TO BE USED is individual-terminalsys 
3) There 1s stronadly susdsestive evidence (.8) that THE 
RECOMMENDED INSTALLATION TO BE USED is FPyramidals and 
4) There 1s strongly susdgestive evidence (.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO RE ACQUIREDL is 
train-existins-staff 


PREMISE, <($AND (SAME CNTXT TRAINING HIGH) ) 
eeeeeON. <DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TINE TALLY 800) 
(CONELOUE ENTXP OUTPUT INDIVIBUAL-TERMINALS TALLY 


800) 
(CONCLUDE CHTXT INSTALL FYRAMIDAL TALLY 800) 
CCONCLUNE SERIA) TG TRAITNSGEXISTING-STAFE TALLY 800) > 


SORGRULESI 


oR oR OF eR OF oR = 


CThis rule arprlies to ORGANIZATION: arid is tried in order to find out 
shout THE TYFE OF SYSTEM RECOMMENDED TO RE USED, THETYFE OF 
OUTFUT DEVICE TO BE USEDIs THE RECOMMENDED INSTALLATION TO BE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO KE ACQUIRED 


If: THE INDIVIDUAL’S TECHNICAL TRAINING IN DECISION ANALYSIS is 
low 
Then: 1) There is stronsly suggestive evidence (.8) that THE TYPE 
OF SYSTEM RECOMMENDED TO BRE USED is non-real-timey 
2) There 15 stronaly sussestive eviderce (.8) that THETYFE 
OF OUTFUT DEVICE TO BE USED is larse-screen-disrlayss 
3) There is strongly sussgestive evidence (.8) that THE 
RECOMMENDED INSTALLATION TO BE USED is divisional: and 
4) There is stronsly sussestive evidence (.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 15 hire- 
specialists 


FREMISE:  ($AND (SAME CNTXT TRAINING LOW) ) 
eaeronns CHO—ALh (CONCLUDE CNTXT TYFSYS NON-REAL-TINE TALLY 800) 
CEQNECUNE VENT a) OUTFUT LARGE-SCREEN-DISFLAYS TALLY 
BOO) 
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 6800) 
CGONCEUME ECNTXT TikG HEIRE-SPECIALISTS TALLY 800)) 


CORGRULES) 
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RULEO2Z6 

CThis rule grrlies to ORGANIZATION: and is tried in order to find out 
about THE TYFE OF SYSTEM RECOMMENDTED TO BE USED, THETYFE OF 
OUTFUT DEVICE TO BE USED THE RECOMMENDED INSTALLATION JO EE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED) 


T7:; THE TECHNOLOGICAL METHONS AVAILABLE is analytical-aids 


Then: 1) There is stronmsaly suds¢estive evidence (.8) that THE TYFE 

OF SYSTEM RECOMMENDED TO RE USED is real-timeyry 

2) There is stronmdtly sudsestive evidence (.8) that THETYFE 
GPO TeEUT HeEVICeG TO BE USED 15 inmdivicdusl—-terminsls-» 

3) There 1S sussestive evidence (.5) that THE RECOMMENTIED 
INSTALLATION TO BE USED 15 eyramidaly and 

4) There 18 strongly sussdestive evidence (.8) that THE 
RECOMMENTIED TRAINING OR ASSISTANCE TO BE ACQUIREL is 
unavailable 


FREMISES (SAND (SAME CNTXT METHODS ANALYTICAL-AILS) ) 
eer ON? (OO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800) 
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY 
800) 
(CONCLUDE CNTXT INSTALL FYRAMIDAL TALLY S00) 
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800)) 


BORGRULES J 


RULEO27 


CThis rule arrelies to ORGANIZATION: and is tried in order to find out 
about THE TYPE OF SYSTEM RECOMMNENTED TO BE USETls THETYFE OF 
BueTrPurT HEVYVICeE TO BRE USEDR:>+ THE RECOMMENDED INSTALLATION TO BE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If; THE TECHNOLOGICAL METHONS AVAILABLE is invemtory-aids 
Then: 1) There 1s suggestive evidence (,.5) that THE TYPE OF SYSTEM 
RECOMMENDED TO BE USED is real-timeyr 
2) There is sussestive evidence (¢(.5) that THETYFE OF OUTFUT 
NEVICE TO RE USED is individual-terminals» 
3) There 1s susdsestive evidence (.35) that THE RECOMMENTIELD 
INSTALLATION TO BE USED 1s fFyramidaly and 
4) There is sugdestive evidence (.5) that THE RECOMMENLEL 
TRAINING OR ASSISTANCE TO BE ACQUIRED is unavailable 


FREMISE: ($ANDID (SAME CNTXT METHODS INVENTORY-AIIS) > 
Seer2ON.  (HO-ALL (CONCLUDE CNIXT TYFSYS REAL-TIME TALLY 500) 
CCONCSUUE Chix GCUTFUT ENODTVINUAL-TERMINALS TALLY 
700) 
CCONCEUNESONTAT INSTALL PYRAMITAL TALLY 300) 
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 300)) 


CORGRULESI 
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RULEO28 

CThis rule aprlies to ORGANIZATIONs and is tried im order to find out 
about THE TYFE OF SYSTEM RECOMMENTIIED TO BE USEI!s THETYPE OF 
OUTFUT DEVICE TO RE USEIl»y THE RECOMMENDED INSTALLATION TO SE 
USED or THE RECOMMENTI'ELD TRAINING OR ASSISTANCE TO BRE ACQUIRED I 


If: The technological knowledse-level is skilled 
Then: 1) There is sussgestive evidence (.5) that THE TYFE OF SYSTEM 
RECOMMENDED TO BRE USED is unavailable» 
2) There 1S suggestive evidence (.5) that THETYPE OF OUTFUT 
NEVICE TO BE USED is unavailable, 
3) There is stsssgestive evidence (.5) that THE RECOMMENFEL 
INSTALLATION TO BE USED is unavailables and 
4) There 16 strongly susisdestive evidence (.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is dso- 
not-hire-srecialists 


Peo. (SANT CSAME CNTXT KNOWLEPGE-LEVEL SKILLED)) 
ACTION: (MO~-ALL (CONCLUDE CNTXT TYPSYS UNAVAILABLE TALLY S00) 
(CONCLUDE CNTXT OUTFUT UNAVAILABLE TALLY S00) 
(CONCLUDE CNTXT INSTALL UNAVAILABLE TALLY 300) 
CeGNGEUMe ENTAT TRG HO-NOI-HIRE-SPECIALISTS TALLY 
B00) ) 


CORGRULESI 


RULEO29 

CThis rule applies to ORGANIZATION, sand is tried in order to find ott 
sbout THE TYFE OF SYSTEM RECOMMENDED TO BE USEIls THETYFE OF 
OUTFUT DEVICE TO RE USEIls THE RECOMMENDED INSTALLATION TO RE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRELUI 


If; The technological knowledse-level is unskilled 
Then: 1) There 18 strongly Sussestive evidence (.8) thet THE TYFE 
OF SYSTEM RECOMMENDED TO BE USED 15s umaveilable, 
=) There is strondly sussdestive evidence (.8) that THETYF'E 
OF OUTPUT DEVICE TO RE USEDI is wunavailabler 
3) There is strondly sussestive evidence (.8) that THE 
RECOMMENDED INSTALLATION TO BE USED is unavailadbles aries 
4) There 1s stronmsly sugsestive evidence (.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 15 hire- 
srecialists 


feeioe, CANE (SAME CNTXT KNOWLEDGE-LEVEL UNSKILLED )> 

ACTION. (HO-ALL (CONCLUDE CNTXT TYFSYS UNAVAILABLE TALLY 800) 
(CONCLUDE CNTXT OUTFUT UNAYVATLALLE TALLY 800) 
(CONCLUDE CNTXT INSTALL UNAVAILABLE TALLY 800) 
CeanemUuve CNT Ay URG HDIRE=-SPECTALISTS TALLY G8O00)) 


CORGRULESI 
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RULEOSO 

[This rule arrlies to ORGANIZATIONs> and is tried im order to find out 
about THE TYFE OF SYSTEM RECOMMENDED TO RE USED, THETYFE OF 
Oerr ut LEVICE TO EE USED, THE RECOMMENTIIED INSTALLATION TO BE 
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO KBE ACQUIFRELSD 


If; THE ORGANIZATION’S STRUCTURE is line 
Them: 1) There is stromaly susigestive evidence (.8) that THE TYFE 
GF SYSTEM RECOMMENDED TO BE USED is real-time, 
2) There is strondlsy susgdestive evidence (.8) that THETYFE 
OF OUTFUT DEVICE TO BE USED is unavailable, 
3) There 15 strongly sugdstestive evidence (.8) thet THE 
RECOMMENDED INSTALLATION TO RE USET is feyramidalsy and 
4) There 1s stronsly sussestive evidence (.8) that THE 
RECOMMENTIIED TRAINING OR ASSISTANCE YO BE ACQUIRED is 


unavailable 


Peemtoe.s CSANT (SANE CNTXT FORMAL LINE)) 

peeON. CHO-ALL (CONCLUDE CNTXT TYFSYS KEAL-TIME TALLY 800) 
CGONCLUME CNTAT OUTPUT UNAVAILABLE TALLY B00) 
(CONCLUDE CNTFXT INSTALL FYRAMTDAL TALLY 800) 
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800)) 


CORGRULESJ 


RULEOS1 


CThis rule arrlies to ORGANIZATION, and is tried im order to find out 
aoout THE TYFE OF SYSTEM RECOMMENDED TO BE USED» THETYFE OF 
OUTFUT DEVICE TO BE USEItxs THE RECOMMENDED INSTALLATION TO BE 
USED or THE RECOMNMENTIED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If: THE ORGANIZATION’S STRUCTURE is functional 
Then: 1) There is strongly sussestive evidence (.8) that THE TYFE 
OF SYSTEM RECOMMENDED TO BE USETI is nom-real-timer 
2) There is strongly susdestive evidence ¢(.3) that THETYFE 
OF OUTFUT DEVICE TO BE USED is unavailable, 
3) There is stronsly sussestive evidence ¢€.8) that THE 
RECOMMENDED INSTALLATION TO BE USED is divisionals and 
4) There is strongly suddestive evidence ¢.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO RE ACQUIRED 1s 
umavallable 


PREMISE: (SAND (SAME CNTXT FORMAL FUNCTIONAL) dD 

Peron. —(RO-ALL (CONCLUDE CNTXT TYFSYS NON-REAL-TIME TALLY 800) 
(CONCLUDE CNTXT OUTFUT UNAVAILABLE TALLY 800) 
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800) 
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800)) 


CORGRULES J 
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Pee O32 


— em eee ce eee oe 


CThis rule arprlies to ORGANIZATION: and is tried in order to find ont 
about THE TYFE OF SYSTEM RECOMMENDED TO RE USEI'y THETYFE OF 
OUTEUIPUEVICE TC Be USED, THE KECOMMENDED INSTALLATION TO KE 
USED! or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 


If: THE ORGANIZATION’S STRUCTURE is matrix 
Then: 1) There 1s strongly sussestive evidence (.8) that THE TYFE 
OF SYSTEM RECOMMENDED TO KE USED is non-real-time, 
2) There 1S strondly sussestive evidence (.8) that THETYFE 
OF OUTFUT DEVICE TO BE USED is unmavailable,y 
3) There is strondly susgdestive evidence (.8) that THE 
RECOMMENSED INSTALLATION TC BE USED is divisionals ane 
4) There 156 stronsly sussdestive evidence (.8) that THE 
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is 
unmavellable 


FREMISE: ($ANID (SAME CNTXT FORMAL MATRIX) ) 
Seer eN.  CHO-ALL (CONCLUDE CNTXT TYFSYS NON-REAL-TIME TALLY 800) 


CEGNEEUTE CNEXT GUIFUT UNAVAILABLE TALLY 800) 
CEONCEUNE CNIXT@INSTeER PIVISTONAL TALLY 800) 


(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800) ) 


LORGRULESI 


RULEOSS 


CThis rule arprlies to ORGANIZATION: and is tried im order to find out 
ahout the recommended informal structure] 


If; THE ORGANIZATION’S STRUCTURE is nmotavailable 
Then: There 15 stronsly sussestive evidence (.8) that the 


recommended informal structure is centralized 


PREMISE: (SAND (SAME CNTXT INFORMAL NOTAVATLABLE) > 
ACTION: (CONCLUDE CNTXT UNKSTRUC CENTRALIZED TALLY 800) 


PORGRULES) 


RULEOS4 
CThis rule grpeplies to ORGANIZATION: amd is tried in order to find out 
about the recommended informal structure] 


If: The recommended informal structure 15 known 
Then: It 15 definite (1.0) that the following is the recommended 


tai ormel strietures THE 
RECOMMENNED INFORMAL STRUCTURE TO USE IS <unkstruc:: 


FREMISE: (SANT CKNOWN CNTXT UNKSTFUC) ) 
ACTION: (CONCLULDETEXT CNTXT UNKSTRUC (TEXT NIL 
ari tei 
PecOMMENNED INFORMAL STRUCTURE TO USE IS° 
(VALI CNTXT UNKSTRUC) > 


TALLY 1000) 


feet 





Puc OSS 

CThis rule is definitional» aprelies to ORGANIZATION» and is tried 
when information 1s received about the recommended informal 
structured 


If: Am attemert has been made to deduce the recommended informel 
structure : 
Then: Ttiselay the recommended informal structure 


PREMISE: ($AND) CONCEKNOWN CNTXT UNKSTRUC t)) 
ACTION: (PRINTCONCLUSIONS CNTXT UNKSTRUC) 


LORGRULES/antecedentJ 


MULE OSG 

CThis rule arrlies to ORGANIZATION: and is tried im order to firmed out 
ebout THE TYFE OF SYSTEM RECOMMENLIED TO BE USED, THETYFE OF 
OUTFUT [TEVICE TO BE USED, THE RECOMMENDED INSTALLATION TO SE 
USED or THE RECOMMENTIIED TRAINING OR ASSISTANCE TO BE ACQUIRED 


meee rhe INF LEMENTATION/CONSTRUCTION STATUS OF THE SYSTEM 
Them: 1) There is stronsly sussestive evidence (¢(.3) that THE TYPE 
Heeoroatem RECOMMENTED TO BE USE 16s real-time, 
2) There 15 strongly susgdestive evidence ¢(¢.3) that THETYFE 
OF OUTFUT DEVICE TO BE USED is individual-terminalss: 
3) There 1s strongly suggestive evidence (,.8) tnat THE 
RECOMMENDED INSTALLATION TO BE USEI is eyramidals sro 


4) There is stronsly sudsestive evidence (,.8) thet THE 
RECOMMENTIIED TRAINING OR ASSISTANCE TO BE ACQUIRED 15 


train-~existins-staff 


RUS y Sy a Spon -onme “ENTXT SYSSTAT YES) ) 
ACTION: CUO] e SOC ONECLUDIE CNTX?T TYFSYS REAL-TIME TALLY 800) 
GeoReloule scent x) wOUTFUT ANNE VITUAL—-TERMINALS TALLY 
BOO) 
CEGNEEURE CNT XT INSTALL FYRAMITIAL FALLY 800) 
VCONCEWUE SENTAL URKG treim—exisgtinst-startf TALLY 800)) 


BeRGRULIS J 


BULEOS9 


CThis rule arrelies to ORGANIZATION> and is tried in order to firei out 
about THE RECOMMENDED FORMAL STRUCTURE) 


If: THE ORGANIZATION’S STRUCTURE is notavailable 


Then: There 185 strongly sudsestive evidence ¢€,8) that THE 
RECOMMENDED FORMAL STRUCTURE is line 


PREMISES ($AND) (SAME CNIXT FORMAL NOTAVATLARBLE) ) 
eeelOnN>s <CONCLUIE CNTXT FORSTRUC LINE TALLY 800) 


OZ 





CORGRULESI 


RULEO40 


Mmimoepiile seelies to ORGANIZATION: and is tried im order to find out 
aoout THE RECOMMENDED FORMAL STRUCTURES 


If: THE RECOMMENDED FORMAL STRUCTURE is Known 
Ther: It 185 definite (1.0) that the following is THE RECOMMENDED 


FORMAL STRUCTURE: THE RECOMMENDED FORMAL STRUCTURE TO USE 
IS «<forstruc> 


FREMISE, (C$AND (KNOWN CNTXT FORSTRUC) ) 
geeron: (CONCLUDETEXT CNITXYT FORSTRUC (TEXT NIL 
Sie ecUrieNetierOnMal STRUCTURE TO USE 15° 
(YeaET ENTAT FPORSTRUC)) 
TALLY 1000) 


CORGRULESI 


RULEO41 


CThis rule is definitional, arprlies to ORGANIZATION, and is tried 
when information is received about THE RECOMMENDED FORMAL 
STRUCTURE 


If: An attemrt has been made to dedtsce THE RECOMMENDED FORMAL 
STRUCTURE 
Then: f[liselay THE RECOMMENDED FORMAL STRUCTURE 


PREMISE: (SANITY CONCEKNOWN CNTXT FORSTRUC t)) 
ACTION: CER TrOUNCEUSTONS CNIXi PORSTRUC) 
CORGRULES/antecedent J 


feo 
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APPENDIX B 
DECAIDS PARAMETER LISTING 


NECAINS ORG METHODS ORG STRESS ORG 
ENVIRONMENT ORG ORGANIZATION VAL S77 vee = OG 
FORMAL OKG ORGRULES ALLNAMES SYSSTAT ORG 
POmotKwc ORG OUTFUT ORG TRAINING ORG 
INFORMAL ORG FPRORDEF ORG TRG ORG 
MNSTALL ORG PFROET YEE) ORG TYFSYS ORG 
KNOWLEDGE LEVEL ORG STAFF ORG NING biG sOrG 
LEANER-TRAINING ORG STFFTRG OfG 


PROP SORG 


DECATINS 
Pheer MENT-IN. (C(RULEOQO] > 
Seem el-RY-THE-WAY:S (CRULIEOQO1) 
See BRY? CRULEOO?) 
Mees Cri LECISTION)D 
Bega ALS: TEXT 
Meer tVALUEDS fT 


ENVIRONMENT 
TRANS: (€X%s ENVIRONMENT ) 
fers T ¢ eee Owe comme) ON THe LEATER=“XAINING OR THE 
STAFF-TRAINING OF THE ENVIRONMENT OF THE ORGAIHT ZATION? ) 
EXPECT: (LEATER=-<TRAINING STAFF-TRAINING) 
LABIIATA: T 


FORMAL 
Woe l= ny ; mums, OF Se S130 17 16? 
TRANS: SiiemononacAtLlON S STRUCTURE? 
rem tT : (THE FORMAL STRUCTURE OF THE ORGANIZATION CAN SE DEFINED AS 
EITHER LINE, STAFF», MATRIX» FUNCTIONAL» OR 
NOTAVA@AILABLE. JF FURTHER EXFLANATION OF THESE TERMS 7S 
NEEDED, TYPE A QUESTION MARK. WHAT IS THE 
ORGANIZATION’S FORMAL STRUCTURE? ) 
SArFeECT Seve onere PUNCTIONIAL MATRIX NOTAYAILABLE) 
LABRDATAs T 
Per ROMFT ; (LINE —- EMFHASIZES UIRECT CHAINS OF AUTHORITY ANT UNITY OF 
COMMANTI STAFF - INCLUDES AN INFORMATIONAL AND 
ALIVISORY STAFF TO ASSIST AND GUITE OFERAT LONAL. 
PERSONNEL FUNCTIONAL - ARRANGES FERSONNEL br 
Bevemuongeencr tUITY SUGE AS LOGISTICS, 
COMMUNICATIONS,» ETC. MATRIX ~ ORAWS FERSONNEL FROM 
ACROSS DEPARTMENTAL LINES) 


FORSTRUC 
UPDATEN-BYs (Rules 39 SREFMARK 40) 
Moei-RY: (RULEOQ40) 
CONTAINFII-IN: (RULEO4O) 
Sec elENT-IN: CRULEO4I) 
Mea TED iY=THE-WAY ; CRULEO4 ID 
fevaro.e (THE fKECOMMENRED FORMA STRUCTURE) 
mere T: «LINE STAFF FUNCTIONAL HATRIX) 
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INFORMAL 
Meee y., (Rules 33 22 21 19 18 15 3 
feta. CIHE ORGANIZATION’S STRUCTURE) 
fete. «6Ch THE UINFORMAL STRUCTURE OF THE ORGANIZATION REFERS TO THE 
Hat Neer eUlt Teh CUM Ihar iON IS ACCOMPLISHED. co THE 
PPO ees ieee aT IESCKIBET AS CENTRAL Zits 
SONSUEA (Veg TRANSHe TLONGL, FARTIALLY-BELEGATED- 
NSC ihe eee Oi NOTAVATIoABLE =’ IF PURTHER EXP iLaAikniT ION 
LSSVEENEMiee TYPE SA QUESTION HARK.) 
Mepeet. “CENTRALIZEU CONSULTATIVE TRANSACTIONAL FARTIALLY~- 
DELEGATED DECENTRALIZEL NOTAVATLABLE ) 
LABIIATAs T 
Smeeormr ts. C(CENTRALIZEN —- USES A FOCUSED FLOW OF AUTHORITY 72 A 
Soom osUince AT THE TGP Of THE HIERAKCHY 
CONS tVE — MAxATMI ZS FATIERNS OF CIENTERAL COO TROL 
PU eC OURACE SS VER TIC. ani URWAIKI COMMUNI 7T [id Oe 
ATVICE ANE GUITIANCE FROM A FROFESSTONAL STAPLE 
Piano ci otiite = oltre ase ORE COMMUNICATION - 
Nae e an oie oN Menecmn Lt LON GOTT LATERALLY Uli bittn 
even owniviy VEIT Cine y mene LEVELS. AUTHORIT! sar 
STILL REMAIN AT/UITH TOF MANAGEMENT FARTIALLY - 


Meroe d =~ eR TOUTES AUTHOR ETY nmoNnG PROPEL SS "ollie 
Steevie CNC Remo ING The MEEL FOR CO-ORU Ne Pitt OF 
Pop eee olieomnt: MAT FOUSSESS AUTHORITY TQ ah la 


ACTION ALTERNATIVES BUT TOF MANAGEMENT STILL FECTALNS 
ise ronte (Oo hKEIPCr ann MOMTRY UECENTRALT ZED 

MASc Wea maNwe tio miotos IFUL DRCTSTON-MARILNG POU 
MOeSirer At LOWER LEVELS OF THE HIEKARCHY> 


INSTALL 


—t OF OE oS oe oe <—t 


Memb Ys; CRULEOO?) 
BORPAINEN-IN. CRULEOQO2) 


Deo y. (hItnLe@S 36 32 31 30 29 28 27 26 25 24 25 22 21 20 17 18 
Weow oo L Ayia fF 6 43) 
fees. ©THE RECOMMENTIED INSTALLATION TO GE USE) 


EeArECT > CFYRAMITAL DIVISIONAL UNAVATLARLEE ) 

REFROMFT ° CA divisional installation relaces atythority in eaen 
division for inderendent sustems while fweramical 
installations Flece authorityat the tore of one 
Surer-system 2bove 311 divisioms.) 


KNOWLETIGE-LEVEL 

USEN-RY: Chiles 29 28) 

TRANS > (the technolodical knowledge-Level) 

mROME'T > CIN REGARES TO THE TECHNOLOGICAL TRAINING REQUIRED OQ 
ACG eloterit broows IS THE LEVEL OF TECHNICAL TrFAINING 
CONGIEERED TOSRe SNILLEDRe UNSKILLED, OR UNKNOUN®) 

meee ECT : Convert UNSNTELET) 

LARTIATAS T 


BPERRER-TRAINING 


Moe i—RY ¢ Chabes 3S 4) 

TRANS Clie eAnGh-S CEVEL OF TRAINING) 

Be OME T ¢ Glemitnestaece leader s technical trainina conmsidered tu he 
Skhrlledy wunskillecty or wridermowr’? ) 

BxFECT: SS OEE eUNSNILLED) 

LABIIATA: T 


ILS 





METHODS 

USED-BY? (Rules 27 26) 

TRANS: (THE TECHNQLOGICAL METHODS AVAILABLE) 

Some ns: CAR THE TECHNOLOGICAL METHONS USED ANALYTTCAL-AITIS + 
INVENTORY-AIUS» CR UNKNOFIN? ) 

Pepects. CANALYTICAL-AIUS INVENTORY-ALIZS) 

LABDATA: T 

REFROMPT: (CInventory aids refer to administrative uses ane 
analutrcsl aids are those which concern seienbtific 
arePPlications. >) 


Te UT 
USED-KY: CRUE OO?) 
PomralNED-INs: CRE OO2 ) 
Ue PATED-LY : SUPici Om Oo OO teehee 22h OG 2 2S 22 21 20577 LB 
Wao toolset 5S Yew 7 oS 5 4) 3) 
TRANS 3 (the ture of oubedut device to be weert) 
SFeCT : CeO Tea =—TEPRMENALS EARGE-SURLEN-UISFLAYS UNAVATIL:..cU8? 


PROBDEF 
USED-hY: (Rules 14 13) 
TRANS! (THE TASN DEFINITION) 
PROMPT! (CONCERNING THE FPROELEM FACING THE ORGANIZATION? [: 
PROBLEM CLOARLY-UEFINED, AMBIGUOUS, Of UNKNOWN? 9 
EXPECT: (CLEARLY-DEFINED Ama LGuUOUS> 
LABIATA: T 


Ber) ee TY FE. 

TRANS: Stow ee Or ERORLEM TO BE SOLVED) 

BROHF'T - Sere meee G@iitqe ho UES TEND TO RPROUIDE riehariuksS AT Ali * VEL 
CAStpeee Ci LONER NING Tis seer OF Tit th COMP it 
Cems oe IN ORDER TO FROME THIS CNFORMAT TO! Tele 
oe EE ESSN TO PUR TS tte CONCERNING °° 
OiiGinetca) ide PTs LEVEL OF TRAITNINGe THE 
Cie cba omicenmitgie “Te TNC LTRONME MT AFFECT: THE 
MEGS TON aN The wa oN PHCiNG THE OMANI ZATICn,  IHeal 
Poe eS eer ROM Wit OPH OnGANTZATLON bas ie? 

BrPeCT: ANY 

LARDATA: T 


SO AFF 
Miva s) (THE FORMe@L COMPOSITION OF THE ORGANTZATION’S STRUC TU 
BIsOMme'T : See oe PCNA PRATNING SAILLPI- UNSKILLE = OK 
UNKNOWN’? ) 


Peers CSGKRILLED UNSKILLED) 
LABDATA: T 


STEFF TRG 

ior lh Y ¢ Cheriles 7.4) 

TRANS 3 eee 7 eeVeEe OF TEOIINITCAL FRAINING) 

EROMPT ¢ Gomi eerie GS SGhealr*S thVEL OF TECHNICAL TRAM ING 
IN THE USE OF COMPUTERTVEN TERUNTICAL G10S5 CONS TuUtis & 
aS oiecouves UNG ILE its (DK UNKNOWN > 

mere CT ; GO eee SINSAR TLEEI) 

LARRATA: T | 
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STRESS 
USEN- BY’ (Rules 9 8) 
TRANS (THE LEVEL OF THE TASK’S STRESS) 
FROMFT! (IS THE STRESS LEVEL CONSIDERED TO BE HIGH, LOWs OR UNKNOWN?) 
APEC! $ (HIGH LOW) 
LABDATA: FT 
STYLE 
USEN-EY 3 GRilleS s25 5-0) 


TRANS: (THE LEATIER‘’S STYLE OF OPERATION) 


PROMPT 3 


Exe G | ¢ 
LARDATA: 
ReeeAGiiF'T + 


Sool AT 


—— wen es cee oe oe oie 


Sen HY ; 


Somer eee Seot ree REST TESCRIGED AS 
Roo eee OR LEM Tis ToS OR TENTED OF UNKNOWN?) 
CRE AVLON-=GR TENTED TASK-ORTEN TED) 
T 
Seva OmmOrlemvued fefers +o the leader who sivves irttle 
“Airectworn te Mis starts encoursses the stat 
SGlrvelGerenrulGieabo At selling decisiorm net om. 
Parameters, and values: the develarment of Fore uianel 
resrponsibiliteu. Task artentend Jesderg are cffeed 
as those who rrefer far more cembtralization 121 
comtrol and are less comeernmed with the deveti neniit 
Gretta ldilat FeSeouaipnrlite im the decision borrasg 
Process.) 


(RULE OSS) 


fee CHE TMPLEMENTATION/CONSTRUCTION S°ATUS OF THE SYOTC) 


mime T ; 
eeCT : 
LARDATA 


ee 


TRAINING 


USEN-RBY: 


TRANS ¢ ieee Vee Ss TROHNICeI TRAINING IN GECISTON ANALY 13) 


PROMPT: 


SOs er ekal ital SYSTEM CURKENTLY EXIST?) 
Cre Sono? 
i 


(Riples 25 24) 


Mio oa Sieniliirin’ > LEVEl OF FECHNICAL IRAINING Coins ERED 


TO BE HIGH, LOWs OR UNKNOWN? ) 


Beeeel. CHIGH LOW) 
TRG 
Wis tl -BY ¢ EIEN SOO, 
BeNGALNED-IN. (CRULEOO?) 
Peete ecnmles 36 S52 51 40 29 2S 27 26 25 24 23 22 21 29 19 Co 
aioe Ay pe Ys 5) 4S) 
Mino. Clitth RECOMMENDED FYRAINING OR ASSISTANCE TO GE ACQUIRED) 
Peet the-oF ECLALIo!S DO-NO’T-HIRE-SFECTIALISTS TRATN-EXIGT ONG 
STAFF UNAVATLARBILE )D 
mE SYS 
Meen-RY:  (RULEOO?) 
PORN TAINEIN-IN: (RULEOO2) 
BPHATED-Ly: Cee ces ero oO e727 2464 25 23 235 22 21.20 17 18 


eon 2 87 G 3 4.5) 


eo oiie tire BF SYSTEM RECOMMENTED TO GE USED) 


ex ECT. 


Coene IME NON-REAL-TIME UNAVYVATLABLE) 
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UNKSTRUC 

SEUATER—EY ; (Riles 33 SREFMARN 34) 

USED-—-EY ? CRULEOS4) 

CONTAINEUI-IN: (RULEO34) 

ANTECETDENT-IN: GRuleeosas) 

UFTATEII-BY-THE-WAY : CRUE OSS) 

TRANS ¢ (the recommended informal structure) 

eer eECT s CORHTROEIZED TNECENTRaALIZED CONSULTATIVE TRANSACTIONAL 

Romeo y-tELEGi (ett) 

See nor—VAL 
“XFROP-VAL 
PROF -VAL 


——- ee ee ee ee oe 


ORGANIZATION 
TRANS: (THE ORGANIZATION) 
MAINFROFS. Care ere PORN eI enhMAL STEPTRG LEGhER-TRATH IM eee 
peewee NOW eGR ae STRESS STaSTtTAT METHOUGS 
Beer tYFEs, FROF-ORG 
[ree ORGANTZATION- 
Beer FESs: CORGRILES) 
Sees. CUECALIS UNKSTRUC FORSTRUC) 
“LALLNAMES 
“XALLNAMES 
ALLNAMES 


mat mnt <Ghe moat amt =e meme comp 


ORGRULES 
CONTEXT: (ORGANIZATION) 
SVAL+: (CORGANIZATION) 
CTRANS. ORGANIZATION 
NIL 


— 
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APPENDIX C 
SAMPLE CONSULTATION 


REGIN) 

Srecial options (tyre ? for hele)? 
Kx FT 4 

mec riictions?’ (Y or N) 

Kx NO 

ec oe en ae me me ORGANT ZAT LON-2----~---—-— 

PD) THIS FROGRAM IS RESTGNED TO FROVIDE MANAGERS AT ALL LEVELS WITH 
OPC weObekniiNG Fie USE OF THEIR COMPUTER RESOURCES. Ti 
ORUER 70 FROVITE THIS INFORMATION, THE PCFR WILL BE ASKED 11 
PURNTSH DATA CONCERNING: HIS ORGANIZATION» ITS LEVEL OF 
TRATNING, THE ORGANITZATTON’S LEADER. THE ENULEORMENT WFRE OD TING 
THE DECISION», ANE THE TASK FACING THE ORGANIZATION. OE ey ae fae 
THE TYFE OF FPROGLEM WHICH THE ORGANIZATION FACES? 

KK THESIS 

2) THE FORMAL STRUCTURE OF THE ORGANIZATION CAN BE REFINED AG 
EITHER LINEs STAFF:e MATRIX+« FUNETIONGAL» OR ROTAYVAILASLE., rh. 
PURTHER GAPLANATION OF THESE TERMS IG NEERDEN+s TYPE @& QUE TT OOM 
MARK. WHAT IS THE ORGANIZATION’S FORMAL STRUCTURIE? 

*K NOTAVAILABLE 

Peeercie LNEOKMAL STRUCTURE OF THE ORGANIZATION hEFERS TO TE itArlter 
Prewitt ein COMMUNICATION 1S ACCOMPLISHED. Po Tet. IMEOrMAL 
eevee Best HESCRIEBED ©&S CENTRALIZE N+» CONSULTATIVE - 
eso Lona Fan TIAL LY-DELEGATEU- WECENTRALTZED>. OF 
Plteaveeiliewele © TP OPURTHER EXPLANATION 315 NEENMEIs TYPE A OULOTION 
MARK. 

Xk NOTAVAILARLE 

Pemeoe thie ORGANTZATTION’S STAFF’S LEVEL OF TECHNICAL TRAINING (¢N 
faeeUseE OF COMPFUTERIZER TECHNICAL ALUS CONSIDERED SKILLED. 
UNSKILLED, OR UNNNOWUN? 

ero TLLESt 

J) Is the tesk leader’s Cechnical trainins considered to pe 
Skilled, unskilled: or unmlkmnown” 

We SKILLED 

fees tre thoi’ LEADER’S STYLE BEST DESCRIBED AS KELATION- 
ORIENTED, TASK-ORTENTED+. OR UNKNOURN? 

KX RELATION-ORIENTED 

7) CONCERNING THE FRORILEM FACING THE ORGANIZATION: IS THE FRERLEM 
CLEARLY-DEFTINET:s AMBIGUOUS: OR UNKNOWN? 

KX CLEARLY-NEFINED 

8) IN REGARUS TO THE TECHNOLOGICAL TRAINING REQUIRED TO ACCOMPLISH 
fpemponee lo THE LEVEL OF TECHNICAL TRAINING CONSIDEREE iQ GE 
Steels UNSKILLED: OR UNKNOWN? 

KK SKILLED 

Pe omerie  Oihieoo LEVEL CONSINERED TO BE HIGH: LOW, OR UNNIOW 

** HIGH 


Peo e So AN OPERATIONAL SYSTEM CURRENTLY EXIST? 


KX 


NO 


Bemeeree tie MeCHNOLOGICAL METHONS USED ANALYTTCAL-AIUS» INVENTORY- 


¥*xX 


AIUGS»s OR UNKNOWN? 
Ata YhTICAL-ATOS 


See Fangout, NECAINS of QRGANIZATION-2 
frs1s RUL_ECOOO/ORGANTZATION-2> 

fete) Pimdout: TYFSYS of ORGANIZATION-2 
MUILEOSS failed Cim rereview) due to clause 1! 
Meee05.: failed €in Previews due to clause 1 
RULEO31 failed €in preview? due to clase 1 


O23 





RULEO3O failed <in Preview} due to clause 1 
Peevey failed {in fereview> due to clause 1 
Trying RULCO2ZE/ORGANIZATION-2% RYULEO2S succeeded. 
Bomeltude: TYFSYS of ORGANIZATION-2 is UNAVAILALGLE ¢,.93) 
Concludes OQOUTFUT of ORGANIZATION-2 is UNAVAILARLE ¢.5) 
Pompe rides INSTALL of ORGANIZATIO€N--2 15 UNAVATLABLE (¢.5) 
Conclude: TRO of ONGANTZATION-~-2 Homo OlroHikE-SFECTALISTS ¢€.8)> 
PemeOl7 failed {im Preview} due to clause t 
Trying RULEQOOCG/ORGANIZATION-2: RULEO?S suicceecdon, 
momeriiage. TYFSYS of GRGANTZATION-2 is KEAI.-TIME ¢.8) 
Concludes: OUTFUT of ORGANIZATION-2 is INODTIVITNUAL-TERMINALS (.83 
menmeiine. INSTALL of ORGANTIZATION-2 is FYMKAMTIAL ¢.5 
Conclude: TRG of ORGANITZATTION-2 15 UNAVAILAGLE ¢€.8) 
Tryins RULEO2ZS/ORGANTZATION--2; 
Smenioeriles to eonclude TRAINING of ORGANIZATION-21] 
Peweroe ide Tash LEANMER’S LEVEL OF FECHINICAL TRAINING CONSIDEREN TO 
BE HIGH: LOWs OR UNKNOWN? 
K* HIGH 
Meeeoed failed due to clause it 
Tryins RULED2Z4/0RGANIZATION-2* RULEOD4 siuceeeded, 
Remrermiae, TYFSYS of ORGANTSATION-2 15 REAL-TIME (¢€.94) 
Memerude, OUTFUT of ORGANIZATION-2 is INDIVINUAL-TERMINALS (.°S° 
Memelwmae: LNSTALL of ORGANIZATION-2? we FYRAMIOAL ¢€.9) 
Canclude: TRG of ORGANIZATIGN-2 195 TRAIN-EXITISTING~GSTAFF (¢€.8) 
fmeeeolS failed Cin rreview} cdiue to clause 1 
Peeve! falled Lin Proview? duc to clstse 1 
MuieO2l faerled {im rreview?s due to eclruse 1 
teeing KRULEQZO/ORGANIZATION-2: RULIEO20 succeeded. 
Remelmne., TYFSYS af ORGANIZATION-2 1s NON-REAL-TIME (¢(,8) 
meme@rmaes OUTPUT of ORGANIZATTON-2 is LARGE-SCREEN-DISFLAYS (¢.8) 
Comelude: INSTALL of ORGANI ZATION-2 is BIVISIONAL ¢.8) 
meneriage: TRG of ORGANTZATION-2 is TRAIN-EXISTING-STAFF (.963 
RULEOL9S failed {in fereview} due to clause 1 
RULEOIS failed {in rreview} due to clause 1 
RULEOL7Z failed {in rFreview?} due to clause 1 
RULEO14 failed {in Preview? due tu eleuse J] 
feet Tailed {in fereviews cue to clause 1 
RULEOL14 failed Cin rreview? cue to clause 1 
feeeins RULEOLS/ORNGANTZATION--27 RULEOQ1S succeeded, 
meme ride: TYPSYS of ORGANIZATLON-2 is REAL-TIME €.992) 
meeriae, OUTIFUT of ORGANIZATION-2 15 INUTVITUAL-TERMINAILS ¢€.°92> 
Conclude: INSTALL of ORGANIZATION-2 15 FPYRAMIUAL (¢.98) 
memeride:. ThkG af ORGANIZATION-2 is DO-NOT-HEIRE-SFPECIALISTS (€.94) 
RUEELOO9 felled Cin rreview? due to clause 
Trvinse KRULEQOS/ORGANTIZATION—2> RULEOQO8 succeoded., 
Bemeeriide. |YrSYS of ORGANIZATION-2 is REAL-TIME (¢€.°99) 
eerie. OUTPUT of ORGANIZATIGON-2 196 INODLUTINJAL-TERMINALS (€.999. 
memertine., INSTALL of ORGANIZATTON-2 15 FYRAMITAL €.996) 
memerude: JRG of ORGANTZATION-2? 15 DO-<NOT-HTRFE-SFECIALISTS (€.9923 
fee OO7 feiled €inm Previews duc to clause il 
Peers! KULEQOOS/SORGAGNTIZATION—-2, RULLOOS succeeded. 
meme rde; IYPGYS of ORGANTIZATION-—-2 16 RENAL.-TIME (¢€.999) 
Meelis; OUTFUT of DRGANTZATTON-? iss INNTYTIDUAL-TERMINALS (.999) 
mee wide: INSTALI of OROANIZATION-? is FYRAMITIAL €.999) 
Memmermae, IhG of OKGANTZATTON-2 1: NO-NOT-IITRE-SFECIALISTS (¢€.998) 
fees RULELOOS/NRGANTZATION-Ce RULEOOS succeertor. 
emerge: TYFSYS of URGANI7ZATION-2 195 RIAL -TIME €.999) 
memeride;, OUTPUT of ORGANTIZATION-2 is ITNGTVTIMUAL-TERMINALS €.999) 
Mere lide: INSTALI of ORGANTZATION-2 16 UNAVAILABLE ¢€.73) 
Deedee: Tha af ORGANIZATION-2 is HIRE-SPECIALISTS ¢€.6) 
Trying RULEQO4/ORGANIZATION--27 RULEOOA suceeseadarnd. 
monelude: TYPSYS of ORGANIZATION-2 is REAL-TIME (.999) 


ais) 





Meme liide: OQUTFUT of ORGANIZATION-2 is INIIVYIGUAL-TERNINALS ¢.°99) 
Seomelude: INSTALL of ORGANIZATION-2 is FYRAMITIAL ¢€.9°%9> 
Concluce:. TRG of ORGANIZATION-2 15 TO-NOT-HIRE-SPECIALICTS ¢(.999) 
pueeO00S3 failed {fin preview} due to clause 1 

mae imrsmea. TYeSYS af ORGANIZATTON-2 

==(2)] Findout: OUTFUT of ORGANIZATION-2 

eee Finished. OUTFUT of ORGANIZATION -2 

--£27 Findouwt: INSTALL of ORGANIZATIGN-2 

eee Finished: INSTALL of ORGANIZATION-2 

Peete rimdout., TRG of ORGAN! ZATION-2 

Sebel Finished. TRO of ORGANTZATION-2 
RULEOO? succeeded. 
Boreligae. DECATIUG of CRGANTZATTION-2 is TEXT NIL 
Boel FOLLOWING TYFE SYSTEM REAL-TIME 
THE OUTFUT SHOULD FFE EISFLAYEU ON ITNOIVLIWAL~ TERMINALS 
THE MANNER OF INSTALLAYTTON SHOU 0 GE PYRAR ITAL 
ANT THE RECOMMENTIANTICN FOR TRATHING ANID ASSISTANCE TE 
MO-NOT-HIRE-SFECIALISTS . ¢1.9) 

-~-~Cij Finished: fFECACITS of ORGAN TZATION- 2 
amtececdent RULEOOL succeeders, 
Begelusions: THE NECISION ere as follows. 

USE THE FOLLOWING TYPE SYSTEM FEAL-TIME THE OUThIY SHQULD BE 
DISPLAYET! ON CMNIVT UAL TERMINALS THE faAanintht uP 
PHSTHeeaAlION SHOULM DE PYRAMILGAaL ANT THD felit crleioaT TON 
FOR TRAINING AND ASSISTANCE IS DO-NOTAHIFE CRICIALISTS ., 


Seievoerinagoic, UNKRSTRUC of ORGANIZATION-2 
Trying RULEOSS/ORGANIZATION=-25 FULEOSS3 succeeded, 
Meme riide., UNKSTRUC of ORGANIZATION-2 is CEMTRALIZED ¢.9° 
Tryins RULEOS4/ORGANTZATION-2* RULEOS4 succeeded. 
antecedent RULEOSS succeeded. 
Vals 
Pesuanenitel “INFORMAL STRUGCTUNE TO USE IS CENTROILIZED. 


Womelude: UNNSTRUC of ORGANIZATION-2 is TEXT NIL 
ae 
eam el INFORMAL STRUCTURE TO USE [TS CENTRALIZED (1,9° 
Seed Finished: UNKSTRUC of ORCANTZATION-2 
S=fhid Findout: FORSTRUC of NRGANTZATION<-2 
fess RULEQOSP/SORGANTZATION—-2s RUIEOS? succeeded. 
meee: FORSGTRUC of ORGANTZATION-2 is LINE ¢,.8) 
Trying RULEOAO/ORGANTZATION-2*+ RULED succerrcter, 
antecedent RULEO4I sueeeecdart, 
Tee om NIE TL  PORMAL STRUCTURE TQ USt IS LIN. 


memeriae. FORSTRUC of ORGANIZATTON-2 is TEXT NIL 


Ree ecUnMENTEN FORMAL STRUCTURE TO USE [5S LINE (1.0) 
Pees rinisned., FORSTRUC of ORGNNIZATTION--2 


lest 





APPENDIX D 
ADDITIONAL EMYCIN/DECAIDS PARAMETER PROPERTIES 


— 


—— = — 


fiefinind Comtexts 


pe Se ES ES ES OS cee ES SS SE Ge come ceed Ge rene 


Meter OrS —- a list of parameters to “trace® when a context of tits tyre 1s 
created. Generally these are labdate earameters whoer velues will 
always be needed in 3 consultation (see PARAMETERS. .7O0 for a 
definition of "labdata"). The user will be asked for Like value of 
each of these raremeters a6 soon 32s @ context is created, This 
often serves to reresent 3 more coherent dialos than would grrear 
if each rarameter were reauvuested when it was first needed im 3 
rule, It is also rossible to have non-labdata rarameters for 
mainrerors if there is always somethings vou went to demice anout 3 
new context. The so3l rearameter(s) of a system will he FPoturnd ir 


the MAINFROFS list of the main (Or Teao0t) cCoMmtert tee, 1h; 
Placement here its what gets the cansultetion starters, 


PROF TYFE - an stom FROF-ture which lists gll varameters which rvrertain 
Pee overt e of sCOMmLe<t? @.a.7 tne FROFTYFE of FERSON wi MYCIN 
is FROP-FT, which contains stich rare eters a6 NAME? AGEs SEA. ete. 
Tien areelvinad a rule» the sustem uses this erorerty to Lall whien 
context in the tree 3 Farticular raraneler belongs ta. 


TYFE - an atom tised to form the context identifier (ds arrendind z 
mimeral) for COMtCeExtsS of this ture, e.s.r im MYCIN the TYFE of 
Peseul Crositive culture) is CULTURE-. 


MeeerrreS —~ S list of all rule tures arrlicable to this context (see 
Peo. UOC yee. d., RULETYFES of FOSCUL is the list (CULEULES 
PFOSCULRBULES). 


BIN —- 3 temelate used for translating contexts of this ture im 
auegtioms or rules. The SYN wrrorerty 15 3 list of entries 
(fearms= “forms), where “earmss 16 a list of one or mare 
Parameters of the context, and <form: is 3&8 simele list af words 
including the elements of “rarmss, The fFarameters mueb srrear im 
the same arder im both “rarmss and <formsr, and they aot oll be 
labdata. The atom * 19 used like a esrameter im “earns sri 
storm. to rerresernt the rarent context. 
The system scams the SYN Prorertyu umbtil ib fuireis an entry 
for which it knows the values af all Karamelors in crarms «+ values 
Which were mot SUrPFrlied by the user wall mot be used. Onee ar 
elememt of SYN has been selected, 3a translation will be 
Samstrueteny Us rerlacina each earameter in “forme wilin tinet 
Paramoter’s values * will be rerlece by the translation Cusimsd the 
SYN Frorerty) of tne Frarent context. vrarms> and “<form mas he 
Pumectuated with semicolons denoting “"rlaces to stor* if Uhe 
pone .Oin Ls “name Llaians so far. EF... the element from Lhe SYN 
Property of am ordaniom (CCIDENT ¢ *) (the [DENT # from *€)) will 
result im "the Klebsiella’ if there are no other ordaniams whose 


Mitt oeroeNlensiella, end “the Klebsiclla from the blood culture’ 
if there is. 
Paewsanelest SYN is of the form ((Crarm)(rarmn))>d», Leas 


there is a porameteor of the context whose value itself can stand 


ce 


eZ 





for the context, e.g. (( (NAME) (NAME))). If there is mo SYN pror, 
the context identifier (e.4.» ORGANISM-1) will remain untranslated. 


UNIQUE - For use im conmdJunction with the SYN eros! it controls whether 
the conte::t identifier needs to arrear in the transletivins e@. 4. 
Peso tesl mOm-UWmdiaue Fhrase is “the blood culture (CULTIMC-2)", 
since it 1s Fossible to have more than one culture from theo same 
site. If the UNIQUE frrorerty is Ty the combest identifirer is 
omitted, @e.4.% the root context ture should have its UNTOUE 
Prorerty T. eee Peete tne aston “8, tities means to antckt the 
identifier if the first try at translatine the comtert ws. in 
eect, lintiQuey @.cd., ify im the examele ahove,r CULTURE-2 were the 
onls Olood culture in the consult then its translation would be 
Simrele “the blood culture". Most context tyres are “norn--rmieaue' 
ang will not have 2a UNIQUE rrorerty. The Frorerty 1S rest 
Paeeocoat Ss eVen On WnLgue Contest) it exists simply to rorcuce 
excess verblage where rossible, 


If your system has mo context treer you meed only fill im tre 
Prorerties listed shove for the main (root) comtext ture, Lf wise ve os 
Per ivicgl comtexzt trees, howevery it i185 also necessery to sured. the 
fOllowins FProrerties for nmon-root tyres; FROME TIST Cor FROMPTEVER) ; 
FROMPTONEy ASSOCUITH: amd OFFSFRING. 


PeOrnrPrEVYVER —- the ‘eromet’ that will be werinted when the first cantext 

of this ture is created. Only cantext tyres that will ALWAYS be 
Created have FROMFPTEVERs;s if you have to a¢ék whether there are 

ans contexts of this tyre, then there should be a@ FROMFTIST instead. 
E.gss im MYCINy there is always at least ome NNOWNORG wouter every 
FOSCUL (hy sefinition &@ rositive culture is ome from whien orsaniems 
grew), so KNOWNORG has the FROMFPTEVER (Tne first ordanianm isolated 
from KX will the referrer to asi), ition (evens FROME (17 + 

and FROMTP2NItr the kK will he filled in by the rarent content. 


— — 


Beemer riSt —~ the Ppromet askina whether contexts of this tyre exist. 
Ualike FPROMPTEVER> this is 32 real question 3nd reauires an 
answer. E.tes Pie we cM to) “Or eURTHER ie (lo kK cuotrerntls 

receiving therars with any anitmicrobial astent?)., 


Beenmrr2N0 — the rromet askins whether additional combtexts of this tyre 
Pictur cto te Wwsed after et least one context of Lhis ture has 
been crested). Omission of tonis Prorerty gndicates tial Linere 1s 
mever more tCinen one instance of the context under the vs areont 
context. E.de» the FROMFTONE of KNOWNORG is (Were anu ather 


Srsantsms 1sOoOleted from * 7). 


eeu t TH —- a list of ancestor comtext tyresr, showing this conmlerct 
eee 5 LOcHtion im the contest tree. Esa, the ASSOCWL ITM of 
Peau OvGminemyYeIN ts (POSCIL FENSON) omd the the ASSOCNTII of FOSCUL 
mS NSO). Mitsemecams. trou @ FUSCUL context 16 direcetl:: below 
tiga TemenecOmte lr ahi that a KNOWNOKG context is directly below 
et Oeil. « 

BeeorRiING - 9 list of descendent comtext tyres, indicating which tures 
wieeeconmeadas directly helow a contest of this tyre in the context 
tree, 


Ei3 





Context tyres may have other ortional rrorerties. Ti eiamhee Oli oct 
ture is ever to arrear in a rijley it must have 3 TRANS for tran:lation (see 
descrirtion of 3 TRANS rrorertyu im FARAMETERS.DOC). The * in the TRANS 
prorerty of a context ture is filled in by a translation of the Lree 


root (maim context). If-you Plan to use the SUMMARY ortiony the vcomtbesct 
tyre will need 2 CNITXTSUMNMARY Frorerty as described in FEATURES ,SUMMARY., 
If rarmaters of the context tyre are to be dathered im a@ block ite tris 

the TAK ortion for tabular inrut,y it will need the TARFPARMS» TAREITAL 
TERSEHEADI, TAESTOFS», and LEGALTERM fF rorerties ss described in 

FEATURES. TABULAK-INFUT. 
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Prorerties of Farameters 


Felow is 2 list of the rrorerties that 32 rarameter can have. 


All rarameters meed a TRANS. If the value of the earemeter 16 ever 
requested of the user, it meets a PROMPT and EXPECT, and if 3rrliceable, 


LARDATA. Numeric rarameters should have a CHECK rrorertys and Possibly 2 
NEFAULT. 


TRANS 


~ how to translate the rarameter. The TRANS is list: if it contains 
the atom *, the latter will be fillec with the transletion of the 
context to which this varameter belongs (€e.4- Cthe identity of 
“)). Srecial verbs, such as “is",»y “has” Call those on 
the list TRANSVERES), as well as the word ‘rot* should be eresent 
25 lower-case literel atoms for correct translation of tne 
nedeation when the rarameter is wsed im rules. 


be 


PROMPT —- how to ask for the rarameter’s valuer mo PROMPT means that it 


BArECT 


LARDATA 


makes mo sense to ask the user for the value. The FROHFT so list: 
whem the question 16 eSkeds the * im the list 16 resleaced oy 

the tramslation of the context beins asked ahouty for 

multivalued rarameters which are mot "ASKALL’,s the atom *Cvalu)* 
is replaced by the rarticular value beins asked shoul. 


~ the set of legal amswers to auestions asking about this rsraneter. 
Pee oe xXPrey 16 inelicitlys CYES NO). 
The most conmom form of the EXFECT Frorerty i¢ 2a list of 
the values Catoms). Mawes Lemont ot tine EXPECT list is itself a 
list rather than an atom, it will be a list of one element and 
that element 1s to be evaluated to Froduce a list of values. 
Usually the code to he evaluated will be the mame of 3 List. This 
1s wusefiul when more tnan one Farameter will heave the same list of 
POSSlbOle values. The code to he evaluated, howeversy may me 
Srpaaurars Lisp code which rroduces a list. This will be useful i1f 
the list of lesal values derends om some Frev1ous amGgwar?r 284.4% 
PerircCiNys Veliag aenewers for COLLECT (method of collectins 3a 
Culture srecimen) derends om STTEs the form evaluated may 
reference CNTXT - the obJect for which you are askins: and FARM - 
tine rargneter. 
Ae feweavcomlc EXPECT: are recotmized: 
ANY - mo restriction of the value 
Pepe = the Value mist be 3s number 


FOSNUMB ~- the value must be 3 FPasiltive number 
Hate - the value 15 32 date 


[ho vou find out the value of this earameterr first try ssking 

the user, The oridtinal meanins was that the rarameter 

was the resylt of 3a aquantibative lab test? this has been seneralined 

Pape anmsthing that the user is likely Co kraw. If the wser does not 
dive 3 definite amower to the euestianr the sustem will use rules igh 
any exist) to deduce the valuc. For rarameters that have mo 

LABTIATA property, the system first tries to conclude the value using 

rules: and only asks if mo value was concluded Cand a FROMFT B-1St5) . 
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DEFAULT - if a mumeric-valued rarameter, the defeult units. This gllows 


eae CK 


the user to sive the answer im 32 different unity amd the sustem 
Mele cOmvert 1 £o the default units. The rules assume Liat 
the value is diven im the default umits. 


- A form to EVAL to- make sure that the user’s numeric resranse is 

*reesonmable*. The CKECN frorerty has the form: 
(CHECK VALU lower-bound werer-bound text confirm intleder) 

VALU will he bound to the user’s rumeric resronse to the oauestion; 
you must surely the lower and urreer bourid. Text will be ve rinbted 
if VALU 1s mot within the indicated ranse. Confirm can be T or 
NIlLs aif Ty the user may confirm that the answer is correct: 
if NIL.» an answer outside the rande is always a mistabe, [nbteder 
may be T or Nits if Ty the answer must be an inteser, 


MULTIVALUER - the rarameter is multivaslued. This means that 1b cam nave 


several different correct values at tne same time. (E,¢,+« @ALLERGIC 
the ratienmt mas be allersdic to more than one dries.) This 2 
different form the normal case im which the rarameter 18 essumed to 
have 2a sindle correct values and different values thet ars canecluded 


rerpresemt camretind hurotheses ag to the true value. 

If the value of the MULTIVALUED rerorerty is Te & terarate 

Question will he asked for each value (e.d.» “Is the raetieant 
Ppmemerns1e to remicillirn?*). If the value is the atom ASKALL» 
Ge euestion will be asked in which tf: user 15 expected to sive 
peeetiie Vslies (@.c¢., “Flease list all the amtibiotice tu which the 
Fatiemt is allersic."). 

The TRANS of 3 multivalued rarameter is stated im the elural 


= 


(e.der (the drugs to which * 15 @llerstic:). TALS Fnrssims LS 
mecessary for frorer translation throusnout the system. 


Meena NOUN —- if the value should be caritalized in tramslation 


(e.s.r NAME)» then the rarameter should heave FPROFERNOUN froverty T. 


PeeeyalS —~ Always the list of all legal values for this rarmry hut is 


Omitted if redundant (which it is for most rarameters). ALT 
multivalued Farms heve @ LEGALVALS Frrorerty, Im addition Loose 
Parameters with EXFECTs which are frieces of code also have ures 
Wher 3 Farameter has no LEGALVALS» the les#sl values are eseaumned 
to he Srecified by the frarameter’s EXPECT erorertyu. A 
F3arameter with no EXFECT or LEGALVALS will he treated 

3S 32 yes/no Farameter, this affects its tramslation im means 
Parts of the system. Tne LEGALYVALS Frorerty may he of the same forms 
as am EXFECT fFrorerty. Two atomic forms are recodnized., Tis atom 
CNTXT imdicates that this rsrameter takes other contexts es its value 
(@.d.7 im MYCIN» the TREATFOR rrorerty of the ratient is the 

mest Of all the ortanisms im the contest tree that should be 
treated). The atom TEXT means that the rarameter takes griitrars 
Plreces or tent as its value. TALS Will Frobeably be the case for 

some dosl rwarameter - the text will he the sustem’s final onoglyois 

or recommend3atios. 
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Bee pvalL — To be wsed when the LEGALVALS is the atom CNTXT,. The value 
Or this rorerty is 3 list of FPROP-VYnALs Cconmtext Cure. > 
indicating that contexts of the srecifiled tyure(s) cam ue 
values of this rarametor. The value may also be a function of 2 
eomtext (?). 7 


SFECIAL - indicates ambiguous amswers to the FROMFT. Usually of form 
C(tembidguous resreaniges “reavest for clarificetiom*) .,.3 
Mayu also he triples with 3rd element 2a defeaull value in case user 
resronds UNKNOWN. 

XTRASFPECIAL ~- indicates a resrorse to 3 aquestion that acbtuaells: includes 
the values for more than one Farametlers 16 usually 3 Lish of Iiects 
Se resronsel>: “earinl valueis “parm2 velue2?> ete.) Caires-rgsiee2) ete.) 
meaninss that the resronse #i1ven should be used to comeolhuge Lbe 
values for the waraneterse may elso be CCfLresrmomsell cane * ...) 
meamins that the code snouled be Executed wher tne recrmnirmse. 
has heen givens some emtries ere of the form (<eade® -rernul earm2i) 
meaminsg thet 1f bthhe code EVALS with tne S4iven resronmse: Snes 3 Mew 


Pee ewe) ne tmidicsated-- the mew value is the value Por «=.rmdl un\|d 
Zo oS heceofm.e 16 time Valtie for rarm? (@-+dsb yess. ~ecrenweters 


WhHerm am anmcwer other tnoum ves ar mo 15 Siven) 


REF ROMP T - more svrecifie than original «~romebtsr is Frinted otmb when toe weer 
emters "?" im resromse to tne o1lsinal fromel. 
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APPENDIX E 
Ech, DECAIMSoSePREDICATE PUNCTIONS 


Nom-Numeric Predicates 

In all the predicates that use VALU, VALU may be omitted for 
4¥eS/mO Farsamters. If presemty VALU may be an atom:r &@ Simele liste or 3 
list of valiue-cf rfeairs. Tne rredicates SAME amd THOUGHTNOT return rumbors 
which will be minimized by $AND to cetermining the setting of TeinlaY 4 Tne 


other rredicates returm true (or 1000) or false (NIL). 


Bere TNITECCNTXT »FARMI 


Returns true if PARM of CNTXT is known GitmscertaimtG Cerf 291.05 for 
yes/mo Farameterss also cf = -1.0), 
Ex; SUPFINITE CNIXT TRENT) 


The identits of the organism is known with Cervelimnlw 


DEF ISECNTXT -FARM,y VALU 
Reeirns trie if FARM of CNTXT is known with certainty to pe VAY 
meee 1.0), 


Ex 3 Cer iS CNTXT FRENT MYCOBRACTERIUM-TR) 
It is definite thst the idenlity of the organism is Meet io be ping - ta 


DEFNOTCONTXT FARM: VALU 
Poamters trie tf FARM of CNTXT is definitely mot VALU (cf = -1.0:., 
BS SlerNG? ChHUX)T IDENT VIRUS) 


Pelee dimice that the identity of the orsaenism is mot. Virus 


KNOWNCCNTXT -FARMI 


Meemrtis trie if the value of FARM of CNIXT 16 known (cf - eos Stel p 
yes/rmo rarameterss also cf “ -.2), 
Es? (KNOWN CNTXT IMENT) 


The identity of the organism is known 


MIGHTGECCNTXT sy FARM, VALU 


Drie if PARM af CNIXT mistht be VALU: 1.6. there 15 no evidence @8oinst 
meeccr = —.2). 
Ex 3 (MIGHTBE CNTXT ADEQUATE) 
There 15 mo evidence that the dose of the drugs was math arrrearriate 


peer INITECCONTXT rFARMI 


PemirmsS FCriie if FARM of CNIXT 16 mot known witn certainty Cor Ls 
mor 4es5/n0o rarameters, ~-1.0 = cf = 1.0). 
an fRETUEPINITE CHIXT GENUS) 

The genus of the ordanism is mot known with certainty 

moner ISLONTXT sPARM+VALUI 

mata trie if FORM of CNITXT is thousnt to be VALU, but imol with 
Mm@eedg fits (.2 « cf «< 1.0). 
Ss oreer TS CNTXT ITUENT CRYPTOCOCCUS?) 


et Smeret eam tice tiie iemtitt: of the ordonism 1656 crsas-loceccus 


NOTNEFNOTEONTXT sPARMy VALU I 
Phos trie if FARM of CNTXT is thousht mot to be VALU, bul mob with 


Sercaimty (-1.0 « cf = -.2), 
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Ex GVOTNEFNOT CNTX] IRENT E.COLI) 
It 15 susrPected that the idembtity of the organism is mot E.coli 
NOTKNOWNCCNTXT» FARM] 
Returns true if FARM of CNTXT is not known (cf <= .23 for ves/no 
Parameterss ~.2 “= cf “= ,2), 
Ex (NOTKNOWN CNTXT -IDENT) 
The identity of the organism 15 mot known 


NOTSAMECCNTXT s FARM s VALU 
The logical comeliment of SAME? returns true if FARM of CNTXT 215 mot 
meomsnt to be VALU (cf <= .2),. 
Ee: (NOTSANE CNTXT SFECSTAIN) 
Organisms were mot seen om the stain:of the culture 


ONCEKNOWNCOCNTXT sF ARMs RETFL.G] 

memo the Value of FARKM of CNTXT. [Pease PEG 1S Nils 1 means “you have 
found a@ value for FARM of CNITXT"'s returns the seme 32s KNOWN woul, ie 
Peeeeeeis iy 1t means “find out all you cam shout FARM of CNTXT"*: tinas 
causes tracings but ONCERNOWN will return true even if mothins was found 


“Lemyucin.doc Facsfea 8S 
it « Intended to be invoked last amons the uedated-by rules of FARM. 
E33 (CONCEKNOWN CNTXKT SAMERUG) 


There is an orssmisms with frossibly the seme identity as this 
organism 


ONCEKNOWNXCCNTXTsFARMSI 
Traces FARMS of CNTXT and returns T regardless of the result of tinis 
tracing. tials 15 Paice callines ONCEKNOWN rereatedliy, once for each rarameter 


im FARMS» with RETFLG set to T in the calls. 
Bests (ONCEKNOWNX CNTXT (QUOTE (CURTHER FRIORTHER) )) 
Information has heen gathered about current druds of the eaticont 
and rrior drugs of the ratient 


SAMECCNTXT sFARMs VALUI 
Checks to see if FARM of CNTXT is VALU returning the associated cf. 
Always returns a mumbers im a rules AND will comsider the clase “true 
MY tnis mumber treater than .2,. 
ests (SAME CNTXT SITE BLOOM) 
wine site of the culture is blood 


THOUGHTNOTCCNTXT »y FARM» VALU 

Checks to see if FARM of CNTXT is mot VALU, i.e.» there is evidence 
adaimst it. Always returns 3 mumbers im a rules SAND will comsider the 
meomee “trie® if this nmumher dreater than .2. The mumber that 195 reburires 
is the nesiative of the cf associated with the triple (CNTXT FARM VALU)» 
BO the clause will be true if the cf associated with that trirle is less 
then -.2. This is the alsebraic megation of SAME: whereas NOTSAME 15 
tne losical nevdation. 
EX: MHoOuGMtNOT CNTXT IDENT £+COLT> 

There is evidence that the identity of the orsenism is mot E.coli 
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VNOTKNOWNCOCNTXT s FARM» VALU] 
Returns true if it is mot known whether the value of FARM of CNTXT is 
memes Trt) YALU (-.2 “= cf t= .2), 
ee CVNCUNNOWN ENTX?T TRENT E,COLI) 
It is not kKrown whether the identity of the organism 15 E.coli 


Numeric Predicate functions 
There are five mumeric erredicate functions to be used with warameters 
which take rumbers or dates 2s their valtues. Awa Tane ter ua) Cimon ror 1te 
meee terrorert accerts a date as insut, but interneslly stores tine 


answer 3s the number of d3ays edo Car simee the time of the sind 
@emoultetion for stored cases). taemer- tint toms FILOSy Til ei tile « 
feereos PiNESs FQUOTIENT> ameci EXE T have translations in case tres sre used 
Within these mumeric Fredicates. The tCranmslotions of mumerit @xeressi.oms 
cam he very wordy. To have am exeressian translated terse@ele Cusirms 


arithmetic orerator symbols imstead of textds,s enclose tChe @exereaei ian in 
est t tO tne fumcetion TRSEXF. 


BETWEENXCVALU,LLIM:ULIMI 
Hree aif LLIM «= VALU < ULIM 
= ee SRenWwEEN~ (CYablt CNIXT AGE) 10 SO) 
The age of the fratient 15 between 10 vears and SO vears 


GREATEQXCX,Y3 
True if X and Y are mumbers and X == Y, 
eae Conenrea*k (Vall CNTXT NUMFOS) 2) 


The mumber of cultures from this site which were rositive for this 


Oraamien 164 dreater thar or equal ta 2 


GREATERPAOX, YI 
True if X amd Y are riumbers amd X = Y. 
Ex: (GREATERPX (VALI CNTXT CSFGLUC) 80) 


The esf slucose value 16s sSreater then 80O 


me SsSEQKCIX, YI 
freerat X end Y are numbers and X “= Y, 
es 3 (LESSEQ* (VALI CNTXT CSFGLUC) 80) 


The esf dlucose value is less than or eaual to 8&0 


LESSFXCX,YI 
fene 3f X and Y are mumbers amd X < Y. 
es: Y Geesor*« (Unt t] CNEXT CSFGLUE) 80) 


TMaemesh alijeose Valiteg is less thnam to BO 
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BComelusion Furictions 

The furnctioms im a rule’s ACTION concludes about one or more 
context-rParameter-value trirle. A cf for the trirle 15 SFreecirred im the 
rule’s ACTION. Mimiessefewil ll ne mMmosified hy the certainty of kihe rule’s 
PREMISE. $ANI sets TALLY to the certainty of the FREMISE: «defined to he 
the minimum of the values (numbers) returned by evaluatins tio PREMISE 
clauses (only SAME and THOUGHTNQT return rosmoers). 

If a trirle already exists, this mew cf 1s "combined" with the cf 
associated with that triple. Otherwisey the mew cf itself i« s3sa0ciated 
With the mew triple, 


CONCLUDECCNTXT »PARM:s VALUE » TALIY » NUMI 


Pomeliudes that PARM of CNTYT is VALUE. Pier eqnie lUSiom mene. oe EAS 
Seeeewill have a cf that is TALLY times NUM. 


Es: CCONCLUDE CNTXT CONTAMINANT YES TALLY 400) 
There is weakly sussestive evidence (.4) that the oredearo cm 15 3 


contaminant 


CONCLUDEXCCNTXT »FARI4,s TALLY:VALSI 
Remrorms miltairle CONCLUIIE’s for a simsle CNTXT amd FARM. VAs Ls 3 
meeeeor rairs (value cf); each value ig concluded with the corres: umdins 


aN Bemnelwuule*k CNTXT IDENT TALLY (QUOTE (CE.COLI 400) 
(KLERSTELLA-PNEVUMON TAFE 300) 
(PROTEUS: MIRABILIS 3205 
There is evidence that the idemtity of the organism 16 e- col. ¢€.4) 
Klebsiella -rnenmoniae (.3) frroteus-mirazbilis ¢€.3) 


CONCLUDETCCNTXT » SWITCHNUMyCASE? TALLY yFARM sVALUSI 
maolar riijile comcluding frm. Comcludes that FARM of CNIXT i24 ome or 
meen or tne values ir: VALUS: according to the value af SWITCHNUN. 
SWITCHNUM is 2 form to evaluste which must return & munbear. bt 
generally a call to VALI for some riumeric Farameter. 
WaewUS 16 ae list (VALI VAL2 ... VALm) of values for FARM. 
CASE is 2 list of cases which test SWITCHNUM and supredy efs for 
the values in VALUS that is to he concluded. Fossible cases currentiyv are: 
See eeri CF2 .>+. Crind Ct Supe = NUM come lie that FARM is 
Veil With cf Cris 
See rteNui.: CE) Cre ... Cri) if NUMI <= SWITCHNUM < NUM2+ comeclude 


: thet FARM is VAL1 with cf Cris 
Poemoreer) Creel... Crm) 1f NUM <= SUWITCHNUM+ comelucie thal PARM 
Pere vniet with cr CF 7 » 
ee eee ee.) Clin) Gf SWIICHNUM = NIL» conclude that FAKM Ls 
Vobaeur tin ef Cris 

Bach CFi must he included in ezch case?# if a Particular value cioesn’t 
eerily, the corresrandina cf can be O, 
aS Coeweeuten CNTXT (VALI CNTXT LENSIGN) 


Geuoie,GCnT 9 13° —300 —-300) 
Gal Siege = SOO. = 400) 
(GE 2074009500 ))) 
Pave, enrice CQUGTE (RACTERIAL VIRAL) )>) 
Pe tvre of the infection is as follaws: 
ferne duration of the neturolodical sists 15:3 
meee twoen F davs ame 13 dayws thent mot bacterial ¢€.4)+ mot viral (,3)+ 
Mmmeuwren £5 aoas and 20 daus thems mot thwecterial (.3), mot viral ¢€.4): 
Mme ater: Or eatlaol to 20 cdawae then: bacterial ¢€.6)r viral (..5)» 
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CONCLUDETEXTCONTXT »sPARMs VALUE» TALLY »NUMI 

This function calls CONCLUDE for Frarameters whose values are arbitrary 
reices of text. It 16 32 different function because it translates 
differently, 


Me-ALLEAI] NLX 
For multirele conclusions - evaluates each of its arduments (rule 
conclusions). 
Es< 3 Ol@=ALi (CONCLUNE CNTXT If€N?T LISTERIA TALLY S00) 
(COWNCLUME CNYXT GENUS CORYNEBACTERIUM TALLY S00) 
1) There 1s suddgestive evidence (¢(.5) that the identity of the 
orsanmism 16 Listeriay end 
2) There 16 sudsestive evidence (.5) that the gerus of the 
organism 15 Corynebacterium 


MONTASKECNTXT e-F ARM] 
megemsion finiction which sess that PARM of CNTXT should mot be asked 
(although 1t may be traced, if meeriect), 


Ese 3 (TIONTASK CNTXT CONFORM) 
tom’ t ask ahout the srowlhn comformation of the orsanism 


NOTRELEVANT°CNTXT s FARMS » CF 

A comelusion function thet tmdicates that the value of each af the 
rFarameters im FARMS is mot relevant for CNTXT: we shouldn’t ever ask or 
try rules to detsuce the value. 
Es $ (NOTRELEVANT CNTXT (QUOTE (SECONTIARY)) 1000) 


It is definite (1.9) that the followings is irrelevant: the 
imfectionm to which the becteremia is secondary 


FRINTCONCLUSTONSCCNTXTsFPARM* HEATER 

Diselays micely the value of FARM of CNTXTs or indicates that mo 
conclusioms were made. Intended e5 3 simple goal rule ACTION. If HEATER 
is Ty Prefixes values with 2a simele header announeims what these are the 
values ofs if other mon-NIL value, HEADER is erinteds otherwise ma header 
at all is rrinteds and nothind 16 mentioned if there gre mo values. 

Srecial fecility for wse with TEXT-valued rarms:s if FARM has a 
Prorerty LABREL.ORTIER, then TEXT values of eau3l cf will be sorted oy their 
labels. For LABEL.ORDTER=Tr the labels gre intesers, and the values will 
be sorted in sescending order of labels otnerwise the LABEL-.ORTDER ferorerty 
is a list of labels (atoms), amd the values are sorted according to the 
Semer of the labels in this list. 
Ex $ San tn 1 GONCLUSIONS CNITXT REGIMEN) 

[iselay the therareutic recimen of the ratient 


M@eerilisrs functions 

$ANIICS$CLAUSES] NL&« : 
BVelistes each of the r-redicates im #$CLAUSES until one fails? if all 

meee) (i.e. return FT ara cf = .2) the nimimun ef is returned, else NIL. 

See rule premises and the eredicates of all marrinad fumetions must be 

ero co SAN —- ever if there is only a simile predicate clause inside 

the AND. 
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SORCLS$¢CLAUSES] NLx 
Evaluates each of the rredicates in $$CLAUSES» returnins the c.f. of the 
most highly confirmed clauses unless all fail. Storrs if ome of the clauses 
evaluates with certainty (since the maximum 1.0 15 the result). 
Bx Sei (OREATEREX (YSLI CNTAT WEC) 12.5) 
(GREATERFPX (VALI CNTXT FMNS) 80) 
(GREATERF* (VALLI CRIXT BANDS) 10)) 
1) The white count from the ratient’s rerirheral CRC (Cin 
thousands) 16 dreater than 12.5, or 
2) The rercent of FPMN’s im the CBC is sreater than 80» or 
3) The rercent of rerireheral WEC’s which are immature im the CEC is 
greater than 10 


LISTOFCNI Lx 
Some iw EVALS its arsument Cwhich 15 usually the name of 2 list). Used 
as ardument to 32 basic frredicate when a choice of values 16 inilcated. 


oe PoeewGNITX?) SITE (LISTOF STENILESITES) > 
The site of the culture is ome of? those sites that are mormally 
sterile 


ONEQF OXI NLX 
A mno-sreresad auotes: returns tts sarsument list. Used as arsument to 32 
bhesic Fredicate whem 3a choice of values 15 indicated. 
as Seger SatAT SifE CONEOF URINE SFUTUM) > 
The site of the culture is one of? urine srutum 


QUOTELX] NLxX 
Lise function. It is tssed im action functions that reaulire 2a list of 
Parameters, values, etc. (e.4¢.r CONCLUDIET). 


TEXTCNI Lx 

Constructs value of TEXT-valued rarms. The first arsumenmt i¢ 3 label 
Cor NIL) which may de used to tas the value for sorting by FRINTCONCLUSIONS. 
The remaining ares are arbitrary rule forms to construct @ text rhrase, 
Result 15 2 list (TEXT label . Fhrase). If there 15 omly one ards the 
femel 16 interrreted as a TEXT tasty i.e. (TEXT label) is the same as (TEXT 
label (TEXTAG Jlabel)>). 


TEXTAGCTAGI NL | | 

Quotes a text ‘tag’, 3 elace holcier for 3 string of text which 19 the 
eyvevue’ of 3 conclusion Farameter. TAG should be im FROF-TEXT: amd should 
have a TRANS which is the string in question Cat least in current 
implementation). 


UNTJTS£LUI NL* 
Returns its first ardument. The second arstument is mot seen by the 
fumetions but is a unit and is used for translation. 
an MGECATERE* €UAL1 CNITXT AGE) CUNITS 3 YEAKS?)) 
Paeacororf Lhe ratLoent ic Sreater than three years 


VALCCNTXTsPARMI 
Petmrns FARM of CNTXT es a list of pairs (value cf), tracing the 
Parameter first if it has not been traced yet. 





VALITATMrsF ARM] NL 
mers tne value of FARM of ATMs without its cf. Galo suntenle for 
sindle-valued rarameters. ATM 15 evaluated, FARM 15 mote 


VALYEWCONTXT se FARM I 

Returms FARM of CNTXT as a list of rairs (value cf) in orer of 
decreasing cf. This is the same as returned by VAL if the Parameter ha 
already been traced. VALYEW causes-ro tracinss it cam be interrreled 2 
the syustem’s current information ahout FPARM of CNTXT 


b Yi 


ee Br 


& 


Marreinesd functions 


Mane roheols wom’ t meet to use merrins Flumctioms im army of var 


rules. mmenre>1st to ellow 3 rule Co wse Faramnceters of the cutrhee:.t 


meee the rule 15 arrlied+s as well 8s fwarameters of each of «= eroriaified 
meet of Comtea:ts. 
Paeerurctions mee over 34 list S$SMAFSET which is usually « list of 


Belee- tS. $6FREEVAK 16 the mame of the iterstion variables 2h 14 mot 
mecessary to srecify 32 value for $$FREEVAR: the default FREE ot il be used 
1f mome 193 Srecified. SSPRET! 16 2 rredicate which nes the same form 2s 
meripe FREMISE. Clauses im FRED may use CNTXT Cthe context bi ear ie 
rule is beind arrlied) 25 well] 3s FREEVAR in tnerr conmbext slic 

MmeepiAar Soe! 16 3 list of weairs (whien it will be if the set is Line result 
meeeaecal! to GETALIL or GETOFFSFRING), the CARS Flas should be cut to T. 
This indicates that each time tbFREEVAR should be sit to the Mat of Line 
current element rather than the element itself. fiesta Chie Vins bios 
meee tr hANSe T set to their result. For functions whose result is 3 Lligtr 
eevee S) 15 tne default for $$ANSET: for thuse that return 3 simdle 
element, the default is FOUNTDUAR. These result varisbles @re <lemele thie 
Seats OF 3 marzrind function im a@ mule’s FREMISE is often used im Lirat 
rule’s ACTION. 


pier eins TunetLion can he enmnmeddins in @e@ call to the LISF funetiorn 
Meaeeesaa the ection and translations will be arrrorriatly nmesatior, 


FINDIMAXC¢tMAPSETs SSFP RED-¢$ TEST, SEH REE VARs SFANSET + CARS I NL 

Marereinsd furection that returns thANSET <et to the element of fEMAPSET 
Meer nad tne larsest value of S6TEST out of all tinose elements wirrein 
Seppe fied $4FREDT. Glotsl MAXVAL is set to Lris marcimum value of PRIEST. 


Me) 6 (FINDMAX (GETALL CURTHERD 
($AND (KNOWN SFREEDRUG WHIENSTART >> 
(UAL t$PREEURUG WHENSTART > 
$FREEDRUG NIL 7) 
You have examined the curreomt drudts of the ~rabtient for which the 
. taniewstaee therary with this druct wah started 1% -rmawrs 
and have selected the one havins the masimaim value Fur the 
Cinte mawnee thnerary with this drud was started 
} 
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FINTIMINCSSMAPSET s $S$P RED > S$ TEST es S$F REEVAR, £6ANSET?CARSI NL 


Like FINDIMAXs but looks for the the smallest value of $$TEST:s and sets 
Global MINVAL. 


Ex 3 (FINDIMIN (GETALL FPRIORTHER) 

(SAND C(LESSIER*K CVALL SFREEDRUG WHENSTOF) 3S)) 
(VALI SF REEDURUG WHENSTGF) 
$FREEDRUG NIL T 

You have examined the ferior cdrusgs of the ratient for which the 
time since therary with this drust was discomtinuer is less 
than or ealual to & dayss amd have selected the one navimnes 
the minimum value for the time since therary with this 
Arug was discontinued 


FORALL CSEMAFSET» t3F REI vy $4 F REEVAR sCARSI NL 
True if $$tFRED is true for esch element of $¢$MAPSET. Function returns 
(trivially) true if mar set 16 emety. 
ES (FORALL (GETALL FOSCUL) CS$ANTI CNOTSAME FREEVAR SFECSTAIN) 
(HONSAMESFPRELVAR CRYPTO=SERROLUGY> 
CHOTSanMe FREEVAr COCTI-SEROI_OGY))) 
For each of the the rositive cultures of the ratient 16 15 true trast 
1) Organisms were mot seen om the stain of this cultures 
2) The ervrtococeal antisen im the esf was mot rosrbives and 
3) The ecsf coccidioides serolady was mot Fositive 


THEREARELCS$MAFPSET se SSFREDe SSF REEVAR + $$4ANSET »CARS»TUPLES] NL 
Collects sll the elements of tfMAFPSET for which $$PRED as teue,. 

If DUFPLES is T» it returns 3 list of durles fralrins eacn element 

of $$MAPSET that succeeded with the value (number) returned when 

the Fredicate was @prliedto that element. 

ts (THEREARE (GETALL NNOWNORG) 
($AND COEFINITE CNTXT IDENT) >) 
Vilweg@lete Ci BhonGs )> 

You have examined the organisms isolated from rositive cultures 

obtained from the ratients selecting those for which the 
identity of the organism 15 kmown with certainty 


THEREARE!CNI Lx 
Returns true if LST is non-empty. This is like 3 call to THEREARE witn 
$$MAFSET Ts but translates bettLer. 
one (THEREARE! (GETOFFSFPRING CNTXT SMEARORG) ) 
There sre organisms moted on smears of tinnis culture 


THEREXISTSCStMAFPSET s $$F RED, $$F REE VAR s $$4NGET »CARSI NL 


Like THEREARE», tut Just fines the FIRST element Cor CAR of element?) 
etisfyinsg $F RED, amd returns that. 


S 
Ex (THEREXISTS (GETALL CURTHIER) 
($AND (SAME FREEVAR DUNAME CONEOF AMFICILLIN CARBENTCILLIN 


Pere Teen’ METHLC ITER TN)? 
Nie Nie tT) 


You have examined current drugs of the watients and have found one 


for which the mame of this drug is one of$ amricillim 
Sauuentetl lame rem. ctl lim metinieillin 


WAS 








Functions used within Maering Funetions 
BeTALLECTYFEI NL 

Returns a list of @l1l contexts of ture CTYFE. Cirrenvilsc am tne form 
Meer 21O000)...)% Until we get around to beings neater. TALS t5 often usec 
im the $$MAFSET slot. 


GETOFFSFRINGCCNTXT +s TYPE 
Returns 2 list of contexts of ture TYFE descendant to CNTXT. Currently a 
rete CCmtt L000) 2+). 


APFPENTICLI Lx 
Besertinction. It 1s wsed in the #$$MAFSET slot when more then one 
type of context is to be examined. 


NOTSAMEANSEONTXT1 »yCNTXT2 »FARMI 

pmemisce Clslise wnich is true if CNTXT1 and CNTXT2 have different values 
SAMEANSCONTXT1 sCNTXT2 2 FARM I 

eerenise fiuinclion thet is true if CNTXT1] and CNTXT2 have the same valtcse 
for Faraemeter FARM. 


Teac We LCOCNTXT »sP ARM] . 

Trye if FARM has been traced for CNTXT. This 16 wsed wher tne 
momo f 2 frarameter of one context is to be transfered to another cantext. 
To avoid circular reasonins, we srecify that the tardet rarame ter mut 
already be traced for 2 context to satisfy the wredicate. 
aes CTHEREXISTS (AF FPENDTD (GETALL FOSCUL) (GETALL FENICUL)> 

($ANT (TRACE FREEVAR NOSOCOMIAL) 
(KNOWN FREEVAR NOSOCOMIAL) 
(SAMEANS CNTXT FREEVAR SITE?) 
NIL FOUNDIICUL T) 

Wom nave @xerinmned Fositive cultures obtained from the ratirent and 
ronan ci Tunes (of Tne fatlemts, ema Mave foun woe for whier 
Peatoamt oration shout whether the infection wes 

ecauired while the ratient was hoseitalized has 
heen gathered, and 
Petes Minow Whe tLaer tne trtrection Wes acanirod while 
tne CleniGa Wes NOSi@WLlLalloeCas and 
3S) the emlture under consideration amd this culture nave the 
Saino Miter une Give om tine culture 


Action Functions used in Rules with Marring Functions 


ec ee ee ee ee eee ee ce em ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee oe Si ok ae ae oe 


CONCLISTCCONTXT »PARM,sGVAL» TALLY 
PeAbeetS 3 list of curples-(value cf). Concludes that FARM uf CNTXT is 
each of those values, modified by TALLY. 
ees SeUnCisbsani CHIXT InENT GRIRVAL 900) 
There 18 stronmdtly suddegtive evidence (,.9) that each of the ones 
fie some Touma 15 the wcdentaty of the organism 


BOUNCLUDEALLICNTXTS»PARM,s VALU CEI 
faves tne same Comelusion for each of a list of contexts. 
2 SH (CONCLUDEALL COL.LECTEMCULS REQTHER YES -1000) 
Pees Getinice €1,0) thet the ordanisms isolated from Lyre cultures 
that wou selected should mot be considered for therary 
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PeaNonllLFEPARMCFROM! »-FFARM:sTO!+sTRPARM,CF sFOSITIVEI 

Transfers the value of FFARM of FROM! to TFARM of TO!, modified by CF. 
Either FROM! or TO! may be 2 list of comtexts or a single context. FFARM 
and TFARM are different rarameters. if FOSDIIVE ts sSetr it only transfers 
Values with norn~nedative CFs. 
Ex: IRaANSUIFPPARM COLLECTEDORGS IDENT CNTXT COVERFOR 700) 

There is siussestive evidemce ¢€.7) that the idemtits of each of the 
ordanisms that vou. selected is the organisms Cother than 
those seen om cultures or smears) which mishht be causimes 
the infection 


TRANSLISTCFROMs TO;FARMS» IJ 

Transfers to comtext TO the values of of each of the FARMS of the 
Semcexts in FROM:s modifyina tine ef’s hye IT. . 
aoe Mmpenoe lol (VALYEW ENTXT SAMNEEUG) CNTAT (QUOTE CIDENT)>? 1000) 


It 1S definite (1.0) that these rrorerties ~- ident ~ should be 


teas erred from tne eGrfanisms With fFossible the same 
Tete SmUilS G©raanism to tnis orsanism 


TRANSFPARMECF ROM! +-TO! sFARM+sCFI 
Transfers the value of FARM of FROM! to TO!s modified by CF. Either 
FROM! or TO! may be 3 list of contexts or 32 single content. ier Clovl  L ee 
is sets only transfers values with nommnesative CFs, 
Son (TRANSFARM FOUNTICUL CNTXT SECONDARY 1000) 
It 1s definite (1.0) that the anformation that vou have sathered 
about the infection to which the bacteremia is secondary 
1s also relevant to this culture 
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APPENDIX F 
Pee Woman os PROCEDURES 


In order to present the procedures necessary to use the 
DECAIDS prototype decision Support program, the following quick- 
reference material is provided. All TOPS-20 and EMYCIN/ 
DECAIDS commands must be followed by a carriage return to 
enter the user command or response. A sample consultation 
1S presented in Appendix C. 

1. Select the desired ARPANET compatible terminal to 
be used. 

meeeconnect to the local ARPANET TIP. 

3. If using dial-up device, upon receiving the carrier 
meme, connect the telephone to the terminal's modem. 

fmeeebepress the "RETURN" key once. 

5. The following will be printed by the system: 

Nise P 47208 3 = 2 
ome ine user next enters 
@1 116 
This will connect the user to the University of Southern 
SCalitornia's Information Sciences Institute System E computer 
referred to as ISIE. 
7. The system will respond with: 
TRYING 
OPEN 
ISI-SYSTEM-E. TOPS-20 MONITOR 3A(105) 


@ 


Is 





The "@" symbol is the TOPS-20 operating system's prompt. 
After this symbol, a user may enter his commands or responses. 
8. The user next enters: 
LOG DECAIDS escape 
me en the same Line with the last entry, the user 
Will be challenged with: 
(PASSWORD) 
10. The user must respond to (PASSWORD) with: 
"PASSWORD" escape. 
(The actual password may be obtained from LTCOL R. J. Roland 
or Professor Gary Poock.) 

li. Again on the same line as above, the user will be 

challenged with: 
(ACCOUNT) 

12. The user's proper response to (ACCOUNT) is to enter 
a carriage return. 

13. The current TOPS-20 operating system will respond with 
accounting data, date, and user file information. This infor- 
mation may be viewed or terminated with: 

Control 0 

r4. At the end of the login information the "@"' prompt 
Will be returned by the TOPS-20 operating system. At any 
time after logging in has been completed, the user may enter 
a: 

Comecol 
in Order to return to an "@'' prompt and thereby facilitate a 


quick log-off with the command: 


Ze 





LOGO 
15. To enter the EMYCIN/DECAIDS system, the user must 
type: 
EMYCIN.EXE 
16. The EMYCIN.EXE will respond with: 
LOADING CHANGES 
PoLEMeREAREO. (date) and (time) 
CHANGESCOMS 


(<DECAIDS> CHANGES..current number) 
(re wes wey CUNSEXE es .<DECAILDS>LISP.EXE.80516) 


mee ine " “ is the EMYCIN prompt symbol after which 
DECAIDS commands may be issued. 

18. To begin the DECAIDS consultation program, the user 
enters: 

BEGIN] 
The right square bracket must be entered. A short delay 
(10 to 30 seconds) may be experienced before the next system 
response occurs. 

19. The user will next be challenged with: 

Sweetin or  TONSM@(TiPE ¢ tor HELP) 

20. The user may respond with a carriage return if no 
meeeta! Options, such as fault tracing (i.e., FT l or 2 or 
3 or 4), are desired or with a "?" if an explanation of 
available options is desired. 

21. The system will next challenge the user with: 

INSTRUCTIONS (Y or N) 
22. On the same line a "'Y'' response to 21 above will 


present a line of instructions on the use of the DECAIDS 


JES 





System and an "'N" will continue with the DECAIDS consultation 
session. 

23. DECAIDS will continue with the consultation by 
presenting the user with: 

(current date) and (current time) 
ORGANIZATION=1 
ees PROGRAMS DESIGNED TO PROVIDE 
MANAGERS AT ALL LEVELS WITH ADVICE 
CONGeMNtNG idewtise OF THETR COMPUTER 
MESO ee eon ER, TO PROVIDE THIS 
SOR MA tO atid Woek WEL BE ASKED TO 
FURNISH DATA CONCERNING: HIS ORGANI- 
PON et loeb eViElieOr TRAINING, THE 
ORGANIZATION'S LEADER, THE ENVIRON- 
Men APPeCTING THE DECISION, AND THE 
TASK FACING THE ORGANIZATION. WHAT 
cooeiee tyre Or PROBLEM WHICH THE 
ORGANIZATION FACES? 
This is the beginning of the consultation session. This first 
question about the type of problem may be answered with any 
subject name, for example: electronic warfare. A full 
consultation session is presented in Appendix C. 

24. The consultation will continue by asking ten 
additional questions for the user to answer at the end of 
Which the user will be presented with the DECAIDS recommen- 
dations. 

25. After the recommendations are offered, the system 
Will ask: 

Do you wish advice on another patient? 


(Based originally on a medical background, the inference 


engine continues to ask for "patients."') 





26. A user response of "'Y'' will start another consulta- 
PromesesSion With 2a title of ORGANIZATION-2 and an "'N" 
response will return the user to the TOPS-20 operation system 
and its prompt of: 

@ 

27. To log off the system from the TOPS-20 operating 

hyouem the user need only enter: 
LOGO carriage return 

28. The system will respond with: 

Cbs veeD (tT iewoekR NECATDS, ACCOUNT NPS-OTHER- 
SUPE tly alo/7/ Al (date, USED (time) 
CLOSED 


and the session 1S closed. 
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APPENDIX G 


DECAIDS KNOWLEDGE BASE MODIFICATION PROCEDURES 


The following procedures are provided as a quick 
reference to fill in a new knowledge base or modify an 
existing one. The system designer will be required to declare 
parameters, define rules, and to save (make a file called 
CHANGES) the declarations and definitions. The parameters 
declared may be context names, rule group names, or value 
parameter names. The EMCYIN system prompts {requests for 
values from the designer) for the types of parameters 
mentioned above will be summarized in this section and 
examples will be provided. A carriage return is to be typed 
after each sample command. Entering the EMYCIN file is 


accomplished as described in Appendix F. 


A. DECLARING PARAMETERS 
1. To declare parameters the designer enters the 
following command after the EMYCIN prompt of "" 
GETPARMS 
2. The system will respond with: 
PARAMETER NAME: 

3. If the system designer then responds with the name 
of a new parameter, the system will commence prompting for 
Barameter property values. 

Wee tie £irsteprompt £or a property value will be: 


PROEGROUP: 





A response to PROPGROUP of 


a. 


ALLNAMES: signals the system that the parameter 

is to be a rulegroup name 

PROP-VAL signals that the parameter is to be a 
context name, and 

PROP-(name) signals that the parameter is to be a 
value parameter in the parameter grouping of (name) 


Which is of the designer's choosing. 


RULE GROUP DECLARATIONS 


a. 


If the parameter is to be a rule group, then 
the next property prompt will be 

GONTEXRT ¢ 
The designer should respond with the context(s) 
names to which the rules of the named rule group 
Wilieapplywei.e. : 

ORGANIZATION 
The next property prompt will be: 

SVAL: 
The designer shall respond with the appropriate 
Someecwtename. 1. . : 

ORGANIZATION 
The following prompt will be for: 

CTRANS: 
[iiememmnEonmiatesecontext Name 15 the correct 
designer response, l.e.: 


ORGANIZATION 
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The next prompt will be for: 
oR OTEABS Ge, & 
Here, the designer should respond with: 
PROP-ALLNAMES 
The system will return with a prompt for: 
SUBPROPERTY 
A carriage return after "SUBPROPERTY" will 
Poesy Gtemlenesponse Ot ; 
PARAMETER NAME: 
A carriage return after "PARAMETER NAME" will take 
the user out of the GETPARMS subprogram and return 
a: 


DONE 


fee CONTEXT DECLARATIONS 


a. 


If the response to PROPGROUP is PROP-VAL, then the 
first prompt for a context parameter will be: 
TRANS 
The designer response to ''TRANS:'" is the 
designer's literal interpretation of his intent 
POMmenismecOntexXt Wane, 1.6. - 
(the organization) 
iieeme xt. properey prompt is: 
MAINPROPS: 
The designer response may be a carriage return if 
no MAINPROPS are to be used or a list of param- 
eter names, 1l.e.: 


ROnR PE TASK STRUCTURE TECHNOLOGY } 
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te) 


ie mGOnuctEapakamecer'’sS Next property prompt will 
be: 
IP e(ONE TENA 15 
The designer should respond to PROPTYPE with the 
Value parameter group(s) names to which this 
context will apply, i.e.: 
PROP-ORG 
The next property prompt will be: 
deve 
The correct designer response to "TYPE:'" is the 
appropriate context name, i.e.: 
ORGANIZATION 
The system will next prompt for a response to: 
RUUCLIE Cee 6 
Here, the proper response is the rule group(s) 
names to which the context will apply, il.e.: 
(ORGRUTES) 
The final property prompt seen in context declara- 
proms ein DECATDS is: 
GOALS: 
The designer should respond with those goal- 
parameters for the current context, i.e.: 
(DECAIDS FORMAL UNKSTRUC) 
moc colpmiinicg seOuutnie Standard property 
values listed above, the system will request: 


Sie ROPER LY 


Sie 





n. If the designer has a need to use additional 
property values, such as LABDATA, then he should 
respond to “SUBPROPERTY:'" with the name of that 
property which he should use, i.e.: 

LABDATA 

o. The system will then prompt the designer to pro- 
Vide a value for the subproperty just defined, 
Waele 

LABDATA: 

Dae GoOper, respense to “LABDATA:" is: 

ly 

q. When the designer has completed declaring param- 
eters, a carriage return should be entered to the 
systems request for another subproperty defini- 
eal pl 

r. The system will next return with: 

PARAMETER NAME: 
A carriage return response here will cause a 
system response of: 
DONE 
and return the designer to the EMYCIN.EXE file 
with its " " prompt. 
ee OAVING FILES 

a. The above work is saved in a CHANGES file with the 

following command: 


MF CHANGES 
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b. The EMYCIN file will return the now current 
edition number of the CHANGES file. 
9. CHANGING A PROPERTY VALUE 
a. Changes to a property value are made by typing the 
property name while still in the GETPARMS sub- 
PEecraMe wise. * 
PARAMETER NAME: STRESS 
SUBEROPERIG: TRANS 
b. The system will return that subproperty to the 
designer expecting a new value to be entered, i.e.: 
TRANS: 
c. The designer should enter a new value and a 
eaupiagemsmeturn, 1.e.: 
(THE NEW ORGANIZATION) carriage return 
d. The system will challenge with 
[NEW VALUE] 
e. On the same line as ''[NEW VALUE] ,"" the designer 
must respond with: 


HeEomeconm Yio vor N. for “NO" 


? 


f. The system will then continue prompting with: 


OW ROr ER. Y : 


meee DEFINING RULES 
1. Rules are defined by initiating a call to the 
SETRULES subprogram with: 
GE RUE S| 


2. The system will respond with: 


a 
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RULE EW OnrssUBJBGT FOR NEW RULE: 
3. To enter a new rule, the designer must respond with: 
NEW 
To edit an old rule, the designer must respond with the 
desired rule number to be edited. 
4, After "NEW' is typed by the designer, the system will 
respond with: 
ANCE DENT RULE? 
5. In most cases the rule will not be an antecedent rule 
and the correct response is simply: 
N 
6. The system next sends: 


RULE (number) 
PR EVOL SE : 


7. For a new rule, the designer should first define a 
rule premise and should respond to 6 above with his premise 
Peecment, in the INTERLISP syntax, i.e." 

($AND (SAME CNTXT STRESS LOW) ) 

8. The systems response will be either: 

a. an error message for syntax or undeclared 
parameter, 
One 


b. RULE (number) 
ACTION: 


9. In response to the system's request for the ACTION 
Statement, the designer should enter the rule's appropriate 


Merton Statement, i1.e.: 


SS 





CoONenUME ENPAT SIZE LARGE TALLY 900) 
tite TALLY 900" is the designer's certainty factor entry. 
10. The system may again respond with an error message or 
return: 
SUBJECT OF RULE (number) [S (rule group name) 
[ CONFIRM [ 
11. If (rule group) is the correct name to which the 
rule belongs, then enter 
Me 
immediately after [CONFIRM], i.e.: 
[CONFIRM] Y 
meeeli in response to “RULE#, NEW or SUBJECT FOR NEW RULE: ," 
the designer enters a rule number, the system will return: 
PAs. Dele le. NO CHANGE, OR NAME 
Cre enOP TOeMODIFY ; 
13. The designer may now specify the premise or action 
Statement if he chooses to edit either, i.e.: 
Note le . DELEEE, NO) CHANGE; OR NAME OR 
EROEsnhO MODLEY: PREMISE 
14. The system will respond with the current premise value 
and On the next line return: 
PRE SE: 
aWalting the new value. 
15. After the new value has been entered, the system 
Will challenge with: 


[NEW VALUE]: 
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mee) «Cctor 6[“"yes"™ or "N'" for "no" immediately after [NEW 
fee) 1s the correct response. 
16. <A carriage return after RULE#, NEW or...will cause the 
system to return: 
DONE 
17. Rules may now be saved with: 
MF CHANGES 
18. Debugging of error messages may be facilitated by 
reference to the XEROX INTERLISP Manual and via communications 
With the AI personnel at Stanford University. (ARPANET 
moeaiTess : 
SCOTT@@@SUMEX-AIM 
Carlisle Scott 1s a programmer with the AI group at Stanford 
University who has provided a great deal of assistance in 


learning the EMYCIN system. ) 


C. PRINTING PARAMETERS AND RULES 
1. The parameters list is printed out with the follow- 
ie command: 
PRINTPARMS (NIL T 72 T) 
2. The rules may be listed with the following command: 


(PRINTRULES rulegroup name 'B) 


fee COGGING OFF FROM THE DECAIDS FULE 
1. From the DECAIDS file a CONTROL-C command and no 
carriage return will return the system designer or consul- 


tation user to the TOPS-20 operating system. 
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2. The command: 
LOGO 
will log the system user off of the computer at ISIE and off 
eeeme ARPANET TIP. 
S. the system will terminate with: 
Mihbe Dp JOR Ste USER IDECAIDS, ACCOUNT NPF- 


OTHER-STUDENTS, TTY 135, at (date time), 
USED (time) CLOSED. 
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